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PROCEEDINGS OF 


THE BOYAL SOCIETY. 


SscTioN B — Biological Scisnces 


Address of the President Prof C 6 Sherrington at the 
Anniversary Meeting November 30, 1921 


Since the last Anniversary Meeting the roll of the Society has lost by 
death fifteen Fellows and one loreign Member 


Sir William Abney 
Mr Spencer Pickenng 
Dr A Muirhead 
Sir Lazarus lletoher 
Prof W Odling 
Prof L C Miall 
Prof R B Chfton 


Lord Moulton 
Prof A W Remold. 
Piof Y J Mills 
Colonel J Hersohel 
Mr G W Walker 
Dr H Woodward 


Tl>e Earl of Dncie 
Dr F A Baiubndge 


On the Foreign List 


Prof G Lippmunu 


The Anniversaiy Meeting affords appropnate opportunity for some spoken 
reference to them 

The earliest loss was that of William de Wiveiesub Abney a tellow of 
the Society for upwards of forty years Much of his scientific work may be 
summansed as being the establishment by experiment of photography as a 
science With Sir William Abney photOj,raphy was not merely a means but 
m Itself a scientific end The building of the image botli in the wet and 
in the dry plate were successfully stud ed by him He was a pioneei in 
the photography of the infra red region of the spectrum He suggested 
more than forty years ago the oharginj, of caibons with calcium salts to 
enhance the arc light beam the fiame arcs of to day Later he passed 
BO to say fiom the photographic plate to the retina and investigated the 
relative visual intensity of differeat portions of the spectrum As Advisor 
VOL. xcin — B B 
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to the Board ot Irade he obtained partly in collaboration with the late 
W Watson data most valuably disorimmating between various types of 
colour vision , he contributed accurate measurements of visual differenoea 
between the foveal and para fovea! regions of the retina His measurements 
of the visual luminosity ciuve of the spectrum stand as classical data of 
lefeience He is remem liered in the Society as a man whose personalitj 
cndeaied liim to everyone who knew him 

The death of Sphncer Behcival Umkhevillii, ritKKHiM renioied a 
chemist who at the time of his election to the Society was one of the most 
arduous and prolific of researchers The main theme of his work was 
solution and hydrates A man of original view lie often collided rather than 
moved with the scientific trend of the time but he spaied himself no pains in 
the puisuit of observations His assoointiun with the Society will be happil} 
perpetuated by the bequest from him to bturiio a losearch fund bearing Ins 
name 

Alkxandku Muibukad whose name is connected with the duplexing of 
submaiine cables by the aitificiil line with distributed capacity also con 
tributed perseveniigly to the pioctical establishment of electrical stindards 
of lapacit) Much of his woik was accomplished against difficulties of 
health which would lia\e disheaitened any but a man of remarkable courage 
and resolution 

Lazam s hLBTcHEH was for ten years Director of tlie Natural History 
Museum Mathematically tiained his chief scientific interest lay in 
problems connected with the physics of crystals though much of his lime 
was given to the gieat National f ollection of minerals ot which he had 
chai-gc for nearly thuty years He devoted much patient and accurate 
lesearch to the meteorites in that collection His papers tliat aie probably 
best known aie those on the dilatation of crystals by lieat and on the 
Optical Indicatnx and tr insinission of light in crystals In the latter ot 
these he showed how the optical characteis of crystals could be simply 
developed from the geometnoal pioperties of an ellipsoid (which ho called 
the Inditatiix) independently of any hypothesis as to the nature of the 
ether His method has now 1 ten adopted by almost all teacliers of the 
subject. Those who knew bir lazarus Hetcher are not likely to forget his 
simplicity of manner lus quiet humour and his unfailing consideration for 
othei s 

William 0DL1^L foi many years Professor of Chemistry at Oxford died 
there this spring at the age of ninety two severing a link with the chemistry 
of the mid Victorian time It was under lus Chairmanship of the Institute 
of Chemistry that that body was granted its Charter in 1885 
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Louis Comptok Miall waa a biologist a naturalist m the old sense of the 
word He did good and lasting zoological lesearch He waa one of a group 
few 111 number but strong in personality and intluence who laid the foimdatioii 
of the existing University of Leeds He was an enthusiastic educationalist 
and appreciated highly the calling and tie oppoitunities of the piimary 
school teacher he helped that calling in many wajs Hi himselt was a 
stiikingly successful teacher Those who km w him will recall how he 
studied teaching as an art and loved it fii its own sike 

Uvm^ at Oxford x little latei in the year than Piof < Idling Kobkht 
Bkiiamv Clifton had been Profissor of Fxpcriinental Philosopli) there 
ft nil 1865 until 1917 His hist dut> for his Chair had been the supei 
intendcnce if the erection of tin lalxnator} tin Claieiidon Laboratory of 
which Sir Richard (ila/ebrook wiites in his obituaiy notice of Clifton it 
wis the first built in Europe for the special piiriosc of experimental 
instruction in Pliysns The fittings and teaching apparatus were largely to 
Prof fliftons designs and he gave much lime and thought to their con 
stmcticn perfecting and re perfecting them in detail bo strict a custodian 
of them dll he become that it was sometimes hunioiously said they had 
1 1 come toj precious to be very accessible for their ongiual purpose How 
evei that may be unde? his h ispitality the laboiatoiy he had erected gave 
a home to a great piece of expenincutation in Prof B lys determination of the 
gravitatnu constant Clifton was a man ot genial peisonahtj of much < on 
versatioiial gift shiew 1 an 1 humorous in 1 of a nature full of kiinlly (jnalities 
WiLTiAM Kkinolu was Professor »l Ihjsiis in the Royal Na\al College 
He had been Demonstrator iindei Clifton in the Claiendon Laboratorj 
It was during his long activity at the Royal Naval College and as a teachci 
there that hia mam scientific life woik waa aicomplished 

In Maich last die! suddenly Loid Mot n on ot Bank Not an actual 
investigator m Science he was yet i veil leul seivaiit to the cause of 
scientihc pi jgress in thi^ countn H< possessed remarkable power of 
acquisition of knowledge seizing lapidly and broadly the lines of advance 
taken by knowledge A facile expositor of scientihc themes to a la} or 
semi lay ludieiico and gifted with an enthusiasm that iievei failed he 
promoted the public appreciation of scientihc work hoieseemg from the 
outset of the War the magnitude of the stiain that it would involve he 
hail the couiage to demand a mobilisition of scientific resources adequate 
to that strain The country owed much to his insistence and unspanng 
effort* His was a vmle persuasion After the coming of the Armistice he 
turned his energies and influence toward urging a more thorough liaison 
between science and the industry of the country 
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Edmund Jamfs Mills held the Young Chau of Technical Chemiatry m 
the Glasgow and West of Scotland Technical College His papers were 
numerous both on applied and theoretical chemistry and not a lew ot tliem 
were contributed to this Society, the first ot them now more than fifty years 
ago Ketuming to London in latei life he was for many years a frequent 
attendant at the Society s meetings 

Colonel John Herschel a sou of Sir Tohn Herschel and at one time 
Deputy-Supeimteudent of the Great Tngonometncal Survey of India had 
been a Fellow of the Society for fifty years He was a spectroscopic 
observer of a solar eclipse as far back as 1868 

Gabriel Lippmann the eminent French physicist, died while at sea on 
his way from Canada home to Pans He had been a Foreign Membei of 
the Society for five and twenty years His interest m physics lay laigely 
in the philosophic aspect though his name is most familiar in connection 
with the capillary electrometer and with colour photography Lippmann’s 
capillary electrometer became, so to say a household tool in every physical 
laboiatory, and likewise m many biological laboratories In animal physi 
ology it proved of unique service for the observations of the shght and 
fleeting electromotive reactions of isolated nerve and muscle Until the 
advent of the string galvanometer it was the only instrument which could 
really cope with them 

Of Lippmann’s piocess for the reproduction of colour by photogiaphy, 
our Foreign Secretary, Sir Arthur Schuster, who knew him from a time 
when they were fellow students together, kindly writes me as follows — 

' Lippmann’s woik on colour photography well illustrates his great experi 
mental skill Independently of the late Lord Kayleigh, who, in 1887, hail 
on theoretical grounds foreseen the possibility of the reproduction of natural 
colours by an interference method, Lippmann conceived the same idea, but 
the experimental difficulties were formidable The method depends on 
establishing a periodic structure in a photographic film by the interference 
of the direct light and its reflexion from a metallic suiface It was neces- 
sary for the purpose that the films unlike those in ordinary use should, 
be transparent The pioduction of such films appeared for many years to 
be an insoluble problem, but ultimately the difficulty was overcome, and 
in 1901 Lippmann obtained his first success, but it was several years 
before he could secure the equabty of sensitiveness throughout the visible 
spectrum which is essential if the natural colours are to appear with 
their correct values The photographs obtained by lippmann cannot be 
reproduced in print, but may be shown with bnlliant effect by projection 
on a screen 
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Geouoe Walker WALKitfi had, following on a career of high promise at 
i. imbndge, been successively Lecturer in Physics at Glasgow University, 
huperinteudent of Eskdalemiur Observatory, Diiector of the new Magnetic 
Survey of the British Isles, and hnally chief scitutific worker at the Royal 
Naval Mining School, Poitsinouth It was duiuig work in that latter 
capacity that his fatal illness began He united in a remarkable degree 
111 ithematical attainment and inventive capacity By his death physical 
science lost sadly eaily a finely accurate txpeiimental exponent 

Henry Woodward late Keeper of tin Department of Geology of the 
Natural History Museum was a distinguished paleontologist His scientific 
reputation was especially as an autboiity on extinct representatives of the 
Grustacea He was one ot the toundeis iiid for over fifty years editoi, of 
the ‘ Geological Magazine His example and personal contact were a 
stimulus to many others and the encouragement given by him to amateur 
workeis was one of the fcitiires ot his otticial career 

Fra>cis Arthur Bainiikidi b died last month in early middle age Ho 
had been elected a Follow in 1919 Ot delicate physique, constantly 
struggling against ill-health ho novortheless accomplislicd, liesides much 
routine teaching a great deal of accuiatc lesearch some in pathology 
more in physiology Ho contributed to tlie differential recognition of the 
several types of paratyphoid liacilli, a matter at once of theoietical interest 
and great piacticil importance Ills work ui physiology opened with 
investigation ot lymph formation following on that of Bayliss and Starling 
Then came work on unnary and salivary secretion, all of it characterised 
by great cleainess of objective and definiteness of plan One of Ins beat 
papers is one of his most recent It^ subject is the acceloiation of the 
pulse, which musculai exercise constantly and so quickly induces Bainbndge 
showed that the iiicreasod filling of the venous chamber of the lioait, and 
the consequent ineroase of pressiue in it itself acts as a stimulus which 
excites thiough the neivous system the moie frequent beating of tlie heart 
He traced this control in part to depiession of the vagus partly to 
stimulation of the nerves winch accelerate the heart Bainbndge was an 
experimentalist of exceptional dextentj Always cheerful, he seemed at his 
cheeriest when busiest in the laboratory 

Lord Ducik, whoso deee ise fell latest in the year, had been a Fellow for 
nearly 67 yeais Intoixisted. in Science, he was also greatly interested in 
secondary education T^ntterly he had given his time and abilities chiefly 
to the countryside where he resided By virtue of the date of his election 
to the Society, 1856, he had become its Senioi Fellow 
We may note that the Seniority of Fellowship of the Society has now 
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passed to one who has been a member of Council on many occasions a 
borei{?n Secretary and Secretaiy our sometime Piesident Sir Archibald 
Geikie known among us also as the genial historian of the Royal Society GHub 
It IS little more than two ycais since the death of the late Lord 
Rayleigh and this afternoon m Westminster Abbey there has been unveiled 
the tablet to his memor) given by subsciibois from this Society and fn m 
I he University of Gimbrid^e of which he was ( hancellor At the preseii- 
lation ceremony the Society and the doiiois geneially were represented by 
the Chaiiman of the Mcinonal Committee Sii Joseph rhomson The 
Society will feel it peculiaily xppiopiiato that their lepresentative on such an 
(Xicasiou should be one so elosel} associated with the late Lord Ra) leigh in 
the Societ} in tlie University which was their common nlmn matt) and in 
the domain of physical hcicnce itself The recollection of the late Loid 
Rayleighs personality is present with us all to meet him was to receive 
the impression of tiuo gieatness Tlie legend on the inuial tablet lunn — 
‘ An nnei rvig lea hi in tlu adiancemtnt of Natural Kmwluhje lo day has 
seen the fulfilment ( f a fitting tribute in a fitting resting place to a memoiy 
veneration for winch the lapse ot time will but intensify 

The Bakenan Ta-eture ot the yeai was by Dr T M Lowry and Mi P G 
Austin on Optical Eotatoij Ifispersion The Groonian Lecture was by 
Dr Henry Head It had foi its theme the disturbance of action in the 
nervous system due to the impairment of one pait leacting on the function 
of another "Not uiinoteworthy concerning the lecture is that to push 
turthei the eiiquines undei lying it the lecturer had subjected to surgical 
seveiance and restitching nerves ot his own aim 

To Di Head the Society owes a most acceptable gift The Society 
possessed no portrait of Loid I ister Dr Head on learning this year tliat 
such was the ease offered to the Society a portrait of Lister by Legios in 
black and wliitt a portiait tliat had been given to Dr Head by the poet 
Henley, in whose possession it long was — Henley the poet whose word 
portrayal of Listei undei whom he was a patient is ojctant in the famous 
sonnet faimhai to us all Hie gift was giatefully accepted by Council 
The Anniversary Meeting is naturally an occasion for letiospect, it is also 
one which mvites some thought to the present The present time has in it 
an element of consideiable anxiety for those who regard the prospenty of 
Science Although the recent past has it is true been not unfavourable 
I mentioned just now a university building the earliest constructed for 
systematic experimental teaching in Physics, and that just 50 years ago . It 
18 a satisfaction to note the multiplication of such laboratories since then 
This year at the inauguration in London of the Institute of Physics Sir Joseph 



Anmversat'y Add'te'ta by Prof.,G. S. Shernngton 7 

Thomson remarked that now, in contrast against the early years of tlie 
Cavendish Laboratory, the study of Physics, as i-eganls the numbers to 
whom it gives opening for a livelihooil, constitutes in fact a profession of 
its own The same can lie said of the Science of Chemistry, and of the 
Biological sciences Cultivation of science has been afeatuie of the country’s 
progress This has in pait been adjunct to the movement for the founda- 
tion of new Universities The number ol the English Univeisities hcis 
doubled in the last quaitei of a century The new Universities have shown 
admiiable energy m their depaitments of science Following in the tiadition 
of the best of the older Univcisities they have, in instance after instance, 
made their laboratories places of leseaich Only last year the Council of 
the Society stated that to increase the lesoiuces and equipment of the 
Universities is one of the best ways of aiding losearch in imro Science 
The Repoit of the Umiersity (Jrants Committee m February of this yeai 
indicated that the Universities weie unable to meet their existing lesponsi- 
bilities, and that their resources aio inadequate to meet legitimate* demands 
upon them It is tlierefoie, a matter of grave concein that the Goveniraent 
Grant to the Universities is now to be cut down heavily The maintenance 
of the Universities at the level of efhcioncy which they have struggled so 
resolutely, and with much seivice but pooily paid, to sustain will thus 
receive a very seveie blow 

Eegiession is the more disappointing because, duiing the war, there 
came an awakening of the conscience of the nation in regard to Science 
The national need foi wider and deeper interest in, and understanding of 
Science came home to the community as it had not done hitherto The import- 
ance to the nation of, foi instance, the national Ph) sical Laboratory, whose 
parent this Society may justly claim to be, liegan to receive more general 
recognition than before Its importance to the State became cogent to the 
State Six years ago saw the founding of the Advisoiy Council on Research 
to the Privy Council, and a year later the establishing of the Department of 
Scientific and Industrial Research These were not created as part of the 
machinery for the war, though during that common need they, like every other 
national organization, made their contribution They were brought into 
existence to remedy deep-seated shortcomings which the war revealed in the 
country’s organization for scientific research Their full effect was only 
to be expected to come now, after the attainment of peace It is, therefore 
gravely disquieting that their State support estimates are bemg now reduced 
by some 30 per cent and that further reduction still is asked for 

Again, if we turn to the domain of Biology, and take within that the field 
of Medical Science, the Medical Research Committee, as it then was, had been 
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organised and started not long before the outbreak of the war It had from 
ita beginning sliown its utility and brought evidence of the great field of 
usefulness before it Its services during the wat and since the ending of the 
war have been conspicuous indeed inestimable Public appreciation of it has 
enhanced 1 he Government has recently raise 1 the status of the Committee 
so that it is now the Medical Eesearch i ouncil under the Privy Council 
Annual Keports indicate the quality and the volume of the work it is 
accomplishing It is creating a now era of research in scientific medicine 
in this country But its financial State aid is to lie cut down for the coming 
year and the extent of that reduction is a real anxiety to all who have at 
heart the pi ogress of Medicine in this country and of the Sciences on which 
Medical Science itself rests 

I may say that bioadly taken the apparatus foi prosecution of research 
in this country is made up as follows (1) Scientific and Professional 
Societies and some institutions entirely privately supported (2) Univer 
sities and Colleges with their scientific departments (3) Institutions using 
that term in the widest sense diiectly subventioned by the State such 
for instance as the Medical Besearch ( ouncil the Development Commission 
and the Depaitment of bciontifio and Industrial Besearch Of these three 
categories the first named the Seientihc Societies group work without 
financial aid from the State apait from the small though extremely useful 
two Government Grants distributed mainly to individual workers through 
this the Boyal Society At the present time many of the Societies sorel} 
need financial 1 olp to carry on their labours and some are absolutely at a 
loss to know h w to publish the scientific results that are brought to them 
(2) The second ategorj the Universities and Colleges de^iend in ^art upon 
Government aid In the aggregate of twenty one institutions of University 
rank following Vice Chancelloi Adaniih figures students fees and endow 
ment provide about Gi*) pei cent of the total income for the lest they 
are dependent m Government Grant (3) 1 he thud category as said draw 
State supixirt direct 

This triple system may seem a somewliat haphazard and inco ordinate 
assembly Yet in reality it is an organisation with much solidanty and its 
co-ordmation is lecoming more assured Its parts dovetail together The 
first group the scientific and professional Societies is provided with a medium 
of intercommunicatirn and co action the Conjomt Board of Scientific 
Societies As to the separate categories composing the triple system itself 
they also are in wide touch one with another Between the Scientific 
and Professional Societies on the one hand and the Universities on the other 
contact and inter relation are secured by some degree of free and rightful 
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overlap both as regards general subject matter of researcli and of then 
personnel Imally there is excellent contact between both these categoiies 
and the third the State subventioned institutions A special feature of the 
policy and administration of these State organisations secures this a feature 
which makes the whole of this subject the moie cognate to the purview of 
our own Society To exemplify I may turn for instance to the Development 
Commission Its progiammc of bishery Kesearch avciding tlie tciras pure 
lesearch and applied resoaich in view of the possible implication that 
pure leseaich does n t lead to practical result directs icsearch not alone 
to the solving of piiticular economic problems It supports more especially 
what It terms free icsearch investigation m this ease (f the fundamental 
science of the sea and of marine life Ihis term free lesearch is set in its 
full light by words if the lord President of the Council Mr Balfiur where 
lie points out that while the State maj aid reseauh it will only dostroj 
leseaich if it resolves too rigidly to contiol it 

Again with the Advisoiy Council of Scientihc and Industrial Research 
Its programme gradually defined during thi past six years is hid down 
as having four main points (1) the encouragement of the individual 
research workci particularly in pure science (2) thi organisation of 
national industries into co operative research associations (“1) the direction 
and co-ordination ol reseaich foi national purposes (4) the aiding of 
suitable researches undertaken by scuntific and professional Societies and 
organisations It recruits researchers by giving financial opportunity to 
promising students to be tiained in leseardi attarhing them to ixperienced 
lesearchers In short it apprentices to research i number of selected 
younger workers in ITniversitns ColUgos an I otiiei institutions scattcied 
throughout the country 

So smiilaily the Medical Reseaich Council Its Secretaiy bn Walter 
bletolier, in an illuminating presidential address to Section I of the Bntish 
Association Meeting this summer said speaking of the nexus between 
scientific researcli and the progiess of Medicuie It is the accumulating 
knowledge of the basal laws of life and of the living oigamsm to which 
alone we can look for the sure establishment t ither of the study of disease or 
of the applied sciences of Medicine 

It 18 evident therefore that with a policy based on such principles as 
the'se, the third category in the triple system constituting tlie organisation 
for scientific research lu this country is one which has common aim and 
solid touch with both the others the Universities and the Scientific and 
Professional Societies One sees in short that the organisation which has 
come into existence and is maintaining scientific research in this country 
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18 a leil oi^nisation It dul not spimg fully equipped from the head ot 
Tupitei It has grown up lather than been planned In that respect it is 
an organisation essentially Biitish and it seems (pialified to do its work for 
the conntiy well We hear of adventures political and othei the offspring 
of the da) 1 ut these wcit no adventures these to ni) mind welcome 
long oveidue steps forward by the State towaid the succour of Stieuct and 
its welfare steps that help to strLiigthen and consolidate the organisation 
tor reseaieh liy such adjuncts as the Medical Keseaich Council and the 
Department of Scientihc and Industrial Research One of the strengths of 
this organisation that has aiisen is in my view that it interlocks with tht 
educational system of tlie country It is an organisation which proceeds 
on the wise premiss that m the case of Science the best way to ,et the 
fruit IS to cultivate the tiee It is an oiganisation which is inoving successful 
and csjononncal Its output has proved a more than liberal letiiin ( ii the 
funds at its disposal 

But essential to its own continuance is continuance of adequate hnancial 
support fioin tin (loverninent A tripod cannot stand upon two legs The 
State contribution in tins country is lelatively not large but it is most 
impoitant Important as it has been in the past it lias now an importance 
most especially great The cost of investigation is now highci much higher 
than it heis been Endowment funds carry less fai than tliei did cany 
Piivate benefactions and voluntary generosity although willing an less 
able to be found and less capable at this time alreadj gauged us 
inadequate of theiiiselvos alone before the War they obsiously cannot 
alone cope with the necessary undertakings now Iho priscnl is a time 
when a large scale withdrawal of the (toveinments financial suppoit must 
prove most formidably ciippling Such cnpphiig will lie greatei than the 
actual measure of the sum withdrawn would entail in ordinal) tunes 

None can fail to see the uigent need for national econonn It may be 
objected that the plea to which I am speaking is m fact one foi the 
preferential treatment tf Science That is not so laced with need for 
stnngent economy there must, of couise be a rigorous cutting down of 
expenditure that is unnecessary But a hrst enquiry is the discrimination 
between expenditure upon the inessential and the essential (Otherwise the 
economies seemingly effected may be no economies The savings may lie 
made in a fashion most costly in the end Conceded that there must be 
some reduction in the modeiate State expenditure on research it would lie 
no true economy if that reduction were pushed to the point of cavising 
collapse of the fabnc foi the production of much needed knowledge or of 
whole oompartments of that fabric 
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The necessary supply of trained lesearch workers cannot be letained or 
replenished except by a steady policy pursued If the hnancial provision 
for research is too severely cut down that will mean the extinction of various 
investigations which cannot be satisfactorily continueil at all under narrower 
limits of expenditure than are imposed at present One feature ol niodtrn 
reseaich is that it has become more largely team woik th c )inl ined effort of 
an assorted group ot individuals with special tiaining Want ol volume has 
tended to lie a weak point in our natnuil icscarclc Reduction of the 
suppoit by Government will react most lapidly on the iiiimlicr of competent 
investigatois available the number that makes a fm volume of team work 
possible The Report of the Advisor} Council states that the effect of a set 
back of this kind will be long continue 1 and adds that it may be lasting 

To pull down under emergenc} what has been built up through years of 
careful experience and is pioving efficient can hardly be ultimate economy 
It 18 to unlearn a usotul lesson learnt Cuitailnient of the State aid — 
relatively small in this countr} — given to scientiho research must haim 
the scientific production of the countiy Some cuitailmont howovei at this 
time seems unavoidable Though extension of buildings lud equipment and 
personnel is wanted it may be necessaiy to withhold that extension at this 
time maintaining bioadly the stoUus pio reewl} for expansion when that is 
once more feasible But if research be an indispensable tactoi in the 
rebuilding of the national life 8.»ciifices should m t bo lequired fiom it dispro- 
poitionately greater than iiom otliei sei vices of a similarly essential kind 
Reduction of the State’s support on a scale to entail luin to the existent 
oiganisatioii would be a wastage rathci than an ecoiinni} Calmly viewed 
what more reminiscent of the wastage of the War itselt than toi machinery 
actually constructed assembled and pioducing what is needful foi a nation a 
strength as a pillar in the industrial and intellectual temple of the woild to 
be now under temporary change abandoned or broken up and at a time when 
industry as a whole stands convinced of scientific lesearch as a necessity for 
its recovery and well being 

My hope would be that scientific research on its present maintenance will 
be considered part of the intellectual biead of the community part of the 
bed rock on which rests the efficiency not to speak of the industrial equip- 
ment of the nation tliat it will be treated as such in the measure of State 
support continued to it , that the State will remembei that that support has 
to embrace at least both the Universities on the one hand and on the other 
the lesearch institutions administered by the State for this leason, namely 
that the countiy s organisation for research, complex in ongin yet economical 
and effective stands as an integral system to whose entire existence is 
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essential an adequate State provision for both these constituent elements, 
mdispensttble siuco they are, to the whole structure of the system 

I now procted to the distiibution of the Medals 

The Coplej Medal is awarded to Sii Joseph Larmor 

Sn Tosoph Laiiiior has long held a leading position m the British School 
of Mathematical Phjsios Theie is hardly a branch of this subject to which 
he has not made contributions of distinct originality and great value His 
earlier researches on Dynamics on Optics, both geometrical and physical, and 
on Elasticity, are marked by keen insight and by the novelty introduced in 
the treatment of familiar subjects In inoic recent periods he has written on 
problems of Geodj namics, with the same illuminating force His contribu- 
tions to the Theoiy of Elettncity in its many lanufioatious, are numerous 
and profound His treatise on ‘vEther and Matter’ foims a distinct land- 
mark in the history of the subject In this we have the foundation of electro- 
magnetic theory on the single principle of least action, with the electron 
taken into account as an iCthereal structure Ho was the first to establish 
(to the second order of velocity) the coirespondence between moving and faxed 
electncal systems, and shaies with Lorentz, the distinction ot discovering 
the generality of this coirespondence to any ordei It may fairly be said 
that his preliminary work was of the utmost value m paving the way to the 
modern developments ot the Theoiy of Relativity In addition to his own 
researches I^armoi has as Lucasian Professor, stimulated the work of others 
with notable success His intimate and extensive knowledge of the history 
8ia well as of the lesults of physical science marked him out as the appropriate 
editor of the woiks of Stokes, Kelvin, lames Thomson, and Henry Cavendisli, 
to which he has contiibuted most serviceable annotations 

A Royal Medal is awarded to Di Frederick Frost Blackman 

Dr Blackman is distinguished for his contributions to plant physiology, and 
especially to knowledge of the piocess of photo synthetic assimilation of carbon 
dioxide In this connection he devised apparatus of great delicacy and 
accuracy Later he proceeded to an exhaustive investigation on the rate of 
assimilation within the green leaf He determined, under varied and con- 
trolled conditions, the in tei -relationship of the external factors and their 
several and joint elfoots on the rate of assimilation and has laid the founda- 
tion on which a good deal of subsequent work by other investigators has been 
rendered possible 

He was thus led to his theory of limiting factors which has exerted much 
influence in both plant and animal physiology With the help of his 
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CO workers he has importantly extended fur knowledge of permeability and 
of the influence of anaesthetics on jlants Ho occupies a leading position 
amongst plant physiologists not only by leason of the importance of his 
discoveiies but also on account of the ettective stimulus he has given to the 
school of investigators who have been trained in I is lal ( ratory 

A Eoyal Medal is awarded to Sir hrank Watson Dyson 

Sir liank Dyson is distinguished not only tor his enlightene 1 and energetic 
administration of the Royal Observatory but by his many important con 
tributioiis to Astronomy He has devoted special attention to investigations 
ot the movements and distances of the stais and of tbe bearing of these upon 
the stiuctuie of the stellar universe He has conceutrated his energies 
particularly on the stars surrounding the north celestial pole and has collected 
or determined for this region of the sky all the different data which seem 
bkely to aid in the solution of the stellar problem In a long senes of papers 
he has shown himself able not only to conceive and i xecute large schemes of 
observation but also to deduce by graphical and mathematical analysis the 
theoretical conclusions which are implicit m the mass of data. Some of his 
investigations are icmarkable for the extensive data which have been utilised 
one of them involves the proper motions of 12 000 stars and auotbei of 
26 000 stars These researches have given Sir Frank Dyson a place m the 
front rank of woikeis on stellar distribution and movements 

He has also given much attention to the accurate determinati in ot stellar 
magnitudes and has successfully established a icgulai programme of work on 
stellar parallaxes which has yielded results of high precision for a large 
number of stars 

Previous to this he had been conspicuously successful in obtaining recoids 
of the spectrum of the corona and ohromospheie during eclipses of the sun , 
his publications on those subjects are among the most valuable sources of 
solar spectroscopic data It was mainly to his foresight and organizing 
ability that we owe the successful observations of the deflection of light by 
the suns gravitational field during the eclipse ot 1919 

Ihe Davy Medal is awarded to Pi of Philippe Auguste Guye m lecog 
nition of his work on optically active organic substances on molecular 
association and on atomic weights 

In his early work on Organic Chemistry Pro! Guye was led to investigate 
the’question whether a quantitative relationship exists between the molecular 
rotations of optically active substances and their chemical constitution 
Although the answei proved to be in the negative the attempt to establish 
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such ft relationship was yet productive of much valuable research on optical 
isomerides in his own laboiatory, and stimulated the efforts of many investi- 
gators in that branch of physical chemistry, paiticularly in this country 

Shortly after he had put forward his theoiy of the product of asymmetry" 
he was attracted by the problems connected with Van der Waals equation 
and the ciitical state, and, from his interest in those, two important lines 
of investigation oiiened out The one had lelation to the degree of 
molecular complexity of matter in the liquid state and occupied his 
attention mainly between the years 1891 and 1911 The othei led him 
at the beginning of the piisent century to advocate, with much energy and 
persistence the advantages of the physical metliod of deteimming atomic 
weights In this field of work he became one of the foremost investigators 
his woik on tlie calculation of precise gas densities was followed by chemical 
studies of the atomic weights of nitrogen silver and chlorine, and bj 
inquiries into sourcis of error, hitherto little recognised, in atomic weight 
determin xtioiis 

The Hughes Medal is awarded to Pi of Niels Bolii 

Pi of 13ohr is well known to all physicists as the autlior of the conception 
to which the name Bohr atom ’ has been attached A decade ago it became 
clear, from the lesearches of Sir E Rutherford and others, that the atom of 
any element is formed out of an excessively minute positive nucleus of 
electricity lound which eiiculate a number of negative electrons equal to the 
atomic iiumlxr of the element Bohr discovered a mechanism for the 
motion of these elections which solved immediately the long standing puzzle 
of the Balmer seiies of hydiogen, and which, after development and discus- 
sion, appeals likely to provide a complete explanation of the spectra of the 
various elements In this way he has opened up a line of investigation 
which has already attracted to itself many of the ablest mathematicians in 
Europe, and of which the success, in the simplest cases of the two light 
elements liydiogen and helium, is even now little short of pel feet 
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On the Optical Rotatoiy Powet oj CiystalliTU Ooalbiimin and 
Semm Albumin 

[Jj Eluiu (jOHDON \ oun<., Itamm Memonal Fellow 
(ConimuiiKnted by Piof F Q Hopkins, FltS — Received .Tiilj 6, 1921 ) 

(biom the Blot lieiuioal Laboiatoi>, Cambridge Uniieisity ) 
llie need toi a physical method by means of which it would be possible to 
lecoj'Tii'H' I chemical individual ot the piotein gioup of compounds has 
nndoubkdly been one of the factors contributing to the difficulty of research 
into th( cluniisliy of the protciiib The present methods of chemical analysis 
d« not IK lily appioach sufficient aicuraiy to distinguish between successive 
leciystallisatioiis ot a protein substance ihe first serious effort to prove that 
an indiiidiud jnoti in could be isolate I is to be found in the publication of 
Hopkins (1900) It was heie shown that a protein could lie prepared with a 
constant specific lotation foi successiie reciystalhsations and for material 
olitained from different sources Uiifoi tunately, this desnable physical 
constant, which is independent of the degree of colloidal dispersion, lias 
1)1011 shown to vaiy with variations in physical and chemical conditions 
IhuR Alciandet (1896) found tlie specific rotation of certain globulins 
varied iccoiding to tlie concentiatioii of the piotein and of salt present An 
investigation of this phenomuion by Pauli Samec and Stiausz (1914) con 
tinmd ihe observations of Hopkins (1900) and of Osboiiic (1899) that the 
piescnce of neutral salts has no influence on the optical rotation of a protein 
The addition of acids and of alkalies they found to increase the rotation of 
2X)lari8ed light, wliile the degree of change depended upon the natuie of the 
anion in the i ase ot an acid and of the katioii in tin case of a base These 
obseivatioiis weie made, unfoi tunately , with the inixtuio of pioteins contained 
in ox 01 horse seium which had simply been dialyseil until salt free Tin 
natuie of these changes may hud explanation in a tautomeric equilibrium ot 
the lactam lactiin type in tlie piotein mam chain when in aqueous solution, 
as suggested by Robertson (1912) ami Soiciisen (1912), and to which view 
Pauli inclines 

r_C()_NH-R ;= R— C(()H) = N— R 

Lactam formula. Lactini formula 

The determination of the specific rotation of crystalline ovalbumin as a 
meanp of disco veiing its purity, as Hopkins had shown possible, was called 
into question by Willcock (1908), on the basis of the test used to show when 
the analysis sample had been washed free from sulphate Usmg a ring test with 
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BaClj, Willcock claims that a very much greater sensitivity can be obtained ; 
and by employing this method, specihc rotations of diffei-ent albumin crystalli- 
sations were found to vary considerably. If that fact were true, the biological 
chemist would still bo without a means of recognising a chemical individual 
of the protein group, even if he had isolated one 
The expenraental history as described in the following pages was developed 
with the object of discovering whether a constant specific rotation could be 
obtained for crystalline ovalbumin, and what was the relation between the 
hydrogen ion concentration and the optical rotation with reference to the iso- 
electno point. It was thought that such a study might yield an explanation 
of the variability of the rotatory power and possibly some direct evidence on 
the question of a tautomeric equilibrium in the protein molecule. These 
expenments are described first The investigation was extended to a study 
of the conditions governing the preparation of a pure crystalline serum 
albumin and the pioperties of this substance examined. 

Expbwmbntal. 

The, Specific Rotation of Cryttalline Ovalbumin. 

The values obtained for the specific rotation of hen ovalbumin by different 
observ'ers at different times and with material under somewhat different 
physical conditions have been recorded in Table I. The earlier determina- 
tions on amorphous material are interesting in that they show a higher value 
than that observed for crystalline material. Osborne and Campbell (1900) 
have shown that the non-crystallisable albumin, which they have called 
conalbumin, has a higher value for [ajo than the crystalline, and contamina- 
tion by this substance probably explains the higher value. 


Table 1 


Obserrer. 

Material 

SpeoiBo rotation 

1 “ “ 

Haaa (187S) 

Fanormoff (1898) 

Fanormoff (1898) 

Worm! (1M8) 

Bondx 7 iuki and Zoja (1884) 
Oiborne (1899) 

Osborne and Campbell (1900) 
Hopkins (1900) 

Willcook (1908) 

Amorphous 

Crjrstalline 

-88-08 
-86 2 
-23-6 

-26 0 to -42-54 
-28-42 

-28 60 to -30 80 
-30-7 

-30 3 to -31 6 


Only the last three deteiiuinations aie of impuitance, as they were made 
on similar material which had been recrystallised several times, and of these 
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Hopkins alone obtained a constant value for successive recrystallisations 
The earlier figures were obtained from material crystallised but once, and by 
the infenor technique of Hofmeiatei in most cases 

The last worker on the subject claims that the true value is higher than 
— 30 7° and attributes her average result of —31 0° as due to a more sensitiie 
test for the presence of sulphate ions thus allowing of more thorough 
washing of the coagulated albumin liefoie drjing and weighing The tech 
iiKpie which I have adopteil in obtaining the following observations iu\olved 
the use of a 400 nun polanmeter tube, so that very large rotations were 
observed A lar„e Hilgei polanmeter was employed and observations were 
made both witli the sodium flame and with the green band of the quait/i 
meicury vapoui lamp Ihe solutions used were made as (oncentiated as 
possible being about 10 per cent strength Ihe analysis of these solutions 
foi then content of albumin was curried out in the first senes by the Devoto 
method using accurately calibrate! pijiettes for volume mcasuiement of a 
quantity of solution sufficient tojield about 0 5 grm of dried coagulum and 
Kahlliauin s purest (NIl 4 )jS 04 in saturated solution as coagulating agent 
This solution 13 naturally acid having a of 6 5 or less Coagulation was 
brought about by placing the solution to which the albumin hud been added 
for 1 hour on a boiling water bath After cooling the precipitate was filtered 
off on to hardened filter paper and washed with cold water until fiec from 
sulphate hinally the precipitate was removed quantitatively to a platinum 
bdsin by means of i few cubic ctntimeties of distilled water the excess 
watpr was evaporated on a water bath, and the protein dried until of constant 
w eight in a I othar Mej er air bath at 1 10° C 
The removal of the last traces of sulphate from the precipitate is a 
difficult opeiation I have tested the sensitivity of the HaClj test for 
sulphates, applied as a ring and in the direct way, on a series of dilutions of 
normal HaS 04 When earned out as a ring test using a saturated solution 
of BaCls and allowing the tubes to stand 15 minutes before decision the test 
IS sensitive to one part m one million Ihe same limit was found for the 
test when applied by adding five diops to about 20 c c of filtrate and 
allowing to stand 15 minutes An approximate idea of the quantity of 
sulphate being removed can be obtained m the final stage of washing by 
comparison of the turbidity obtained with that given by known itrengths of 
H3SO4 By continuous washing, 1 have never been able to remove the last 
tiaces of sulphate m less than 4 days This point is discussed below If 
any protein goes back mto solution duimg this long period of washing the 
amount must be negligible, for I have repeatedly tested the filtrates for 
protem with negative results, and evaporated down quantities of the filtrate 
VOL xoui— B 0 
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to dryness witliout obtaining any visible residue Table I£ gives the results 
of a seiies of ciystallisations- — 

Table II 


Cryetalhsation 

j Second | 

Third 1 Fourth j 

Fifth 

1 Sixth j 

Aierage 

Concentration (per cent 
Pb 

a 

) , V81 { 

' 53 ' 

1 -8 87°' 
-10 80 ' 
-30 3* 1 
-30 93 1 

6 43 11 17 1 

4 9 1 4 0 

-0 7(e| -13 80’ 
-8 10 1 -10 73 ' 
-30 82 -30 87 

-87 36 ' -37 74 

9 25 

6 1 

-11 29° 
-13 77 

-37 34 

11 09 

49 ' 

-13 72° 
-10 73 j 
-30 89 
-37 OS ! 

-30 81° 
-37 63 


The values obtained lor the .specific rotation of successive recrystallisations 
is thus in veiy good agreement with that obseived by Hopkins previously 
with similar material 

On account of the difficulty of washing fiee ftom sulphate encountered in 
the Dovoto method, I have considoied it of inteiest to compare thus 
procoduie witli tlie siinplei oiio of coagulating the sample for analysis in a 
buffer inixtuie at the isoelectric point The most couvemeiit buflei inixtme 
foi this purpose is a solution of acetic acid and sodium acetate in equal 
molecular propoitions Tims, 5 cc of a N/1 (JII3COOTI solution were 
mixed with 5 cc of a N/1 CHjCOONa solution, and the whole diluted 
to .')0 cc This solution has a Ph of 4 74 To this mixture was added the 
volume of albumin solution, containing about half a gramme of piotein 
(5 to 10 cc) The containing vessel was then heated for half an houB on a 
boiling water bath, to coagulate the albumin completely It was then 
allowed to cool, filtered off on to hardened filter paper, and washed until 
free from sulphate The washing period is much bricler than when 
IS used as coagulating medium But, even with this procedure, 
sulphate ions aie very slowly removed after the hrst day’s washing at the 
rate of about 1 nigim per 100 cc of filtrate 

Table III repiosents the specific rotatory powei observed in a senes of 
■crystallisations by the use of both methods of coagulation simultaneously 
earned out, and it also shows a lieautiful agreement between the determina- 
tions ol the albumin concentration by the two methods used The specific 
lotations obtained are particularly interesting, in that they are constant in 
magnitude after the second crystallisation, yet slightly lower than the series 
reported m Table II This suggests two possibilities There might be slight 
molecular differences in the albumin of two different lots of eggs hitherto 
undetected by our crude methods of analysis, or, what is much more proliable, 
the ciystals obtained in the first crystallisation might be a slightly different 
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lalle III 


Crygtallisation 

Second 

Ihird 

tourth 

Fifth 

I Arorage 

Ooncentmtiou (per cent ) — 






(1) iiothod 

9 87 

10 OS 

lo 13 

12 64 


(2) Bufler metl od 

9 89 

10 96 

lo 12 

12 66 


Ph 

6 4 

6 4 

G 1 

6 3 



-11 96° 

-18 22° 

-18 62° 

-1 22° 



-14 66 

-16 12 

-22 58 

-18 7 


[oil 

-3) 2( 

-30 17 

-30 02 

-3) 10 

-31 14 


-37 09 

-16 7) 

-86 61 

-36 ’■) 

-36 8) 


salt from that obtained previousl} Tins possibility more fully discus'^t 1 in 
the nites on the method of preiiaration suggested the dcsinbilit> if 
studying tlie vaiiation of the speeihc rotation in lolition t tlie hvdiogeii 
ion oonoentratioii ot the soluticn 

n I \jl txceofMx oiRtito /Poie 

Ihe condition m which the pr tein molecule is isoelcctiic to the electric 
cuirent has such a piotouiid mttueuce upon its physical properties tint it 
was tlion„ht tint a study ot the relation of this condition to the optical 
rotation might yi Id an explanation ot the divergent values iccorded in the 
litei iture lor the puipose of expeiimciitatun crystalline matciial which 
had been ciysUdhsed foui to six times was used The last piecipitate of 
crystals was centrifuge I at high speed fioin its mother Iniuor and icdissolved 
in distilled wvtci Tin rosultiiig solution thus cont lined a small amount of 
(NIl 4 ) 3 S 04 The changes iii hydiogen i m ooiicentraticn of the solution were 
followed b} imaiis of vaiious indicatois using the standard bnlTer mixtures 
devised by Claik and Luhs (1917) A scries of leagonls wis prepared by 
the use of material which had been (uiihcd t) tho standard leqmudand 
dissolved in uatei which liad been twice distilled in glass firstly fium 
KMn 04 a 1 1 Hj&O^ and seoondl) fiom B i(OH )3 All test tubes employed 
were of uniform diameter of clear cil unless glass and h id been steepe I m 
diohroniato cleaning mixture for 24 hours and then steamed in sujeiheated 
steam for 1 hoiii 

After some experimentation the following senes of indicators was selected 
as most suitable for use in solutions containing both protein and salt — 


Ph lange 

Indicator 

12—28 

Tlijiiiol blue 

44— 6 0 

Methyl red 

6 4—78 

Neiitial red 

7 8—84 

Plienol re 1 

8 4—10 0 

I’henolphthaleiu 
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To eliminate the possible errors due to the presence of proteins and salts 
the method of dilution was adopted Thus 1 oc of fluid was pipetted into a 
test tube 4 c c of water (COa free) added and a suitable quantity of the 
indicator A comparator was employed in the case of any turbidity or 
foieign coloration This methol of dilution was latei verified by the use of 
the hydrogen electrode and potentiometer and found to give correct values 
The values obtained with the above in licatois were also verified by the 
electrical method on test solutions Methyl red neutral red and phenol 
phthalein give very trustworthy figures 

Ejcpen )bent 1 — A concentrated solution was quickly prepared from freshly 
crystallised mateiial filtered and placed in a 400 ram tube Its rotation was 
observed at intervals in a polaiimeter for several days and found to remain 
absolutely constant fiom the first obscivation of —15 35° The Pu of this 
solution was found to be 4 9 To this solution was added normal HaSOj until 
the acidity was incieased to Pu 3 7o Within x few minutes a very finely 
divided precipitate began to form which remaine 1 suspended lud could bo 
neither filter d noi centrifuge 1 off further aldilion ot i id s tliat the 
Pii became 2 7 mcrclj increase! the fine insoluble precipitate A slow deiiatu 
ration was appareutl} taking jlace and tl e solution was extremely sensitive 
to mechamcsl shod immediately foiming films of deuatuic I material 
JEuipe i ent 2 — A fresh solution of P/i 4 9 was made alkaline by the 
addition of seveial drops of concentrated NaOII solution and the variation 
in the degree of rotation obsened in a 200 mm tube is recorded in 
iable IV — 


lable IV 


D »tc 




Ph 


19 

20 
21 


C 

11 0 
11 0 
11 0 
11 0 

11 5 
IJ 0 

12 0 
12 0 


4 9 -1 01 
4 0 -1 91 
4 9 - 1 01 
6 68 -1 72 
6 05 - 1 78 
8 4 -1 78 
8 4 -1 70 
8 4 -1 80 


A distinct though small drop in rotatory power was observed and on 
further increasing the hydroxyl ion concentration the value for the rotation 
increased slowly 

The effect of adding concentrated NH4OH to a fresh solution of albumin 
was next tried employing a higher concentration of protein Precisely the 
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same phenomeuon of a primary drop in lotatory power followed by a slow rise 
was observed as recorded in Table V — 


Tdl le V 


lime interral 


24 hours 
10 minutes 

1 day 
^ da^* 


lemperati re Ph av 


I 0 4 86 -4 

1« 0 4 So -4 2(J 

16 0 « 16 -1 04 

II 9 15 -3 91 

15 0 9 16 -3 95 

16 0 9 16 -3 Of) 

16 0 9 15 -1 99 


£i'penment 3 — The clTect of both acid and alkali was demonstiated by 
means of the addition of veiy small quantities of HCl and NH4OH and the 
rotations observed are recorded in Table VI — 


Table VI 


Tim« mterral | 

Temperat ire 

Ph 

op 

Wd 


°t 

11 

5 3 

-4 22 

-31 89 

6 miDutM 

11 

7 6 

-4 07 

-30 78 

80 miDutei 

11 

7 6 

-4 08 

-30 88 

2 houn 

11 

7 5 

-4 08 

-80 83 

6 minuteii 

, 1 

7 8 

-4 10 

-31 00 

1 day 

12 

7 8 

-4 22 

-31 89 

6 minute* 

12 1 

4 8 

-4 40 

-13 26 


! 12 

4 8 

-4 40 

-38 26 

2 day* 

n 

4 8 

-4 41 

-33 88 


The effect of the addition of alkali is most interesting and the prompt fall 
m the lotation followed by a slow use to the original value is distinctly 
suggestive of a tautomeric equilibrium I have observed this same pheuo 
menon in the case of denatured serum albumin The effect of inci easing the 
h}drogen ion concentration of the solution is an instantaneous increase 111 the 
rotatory power, which remains constant at the new level 
The experiment was repeated 111 order to discovei at what Pn the change 
in the rotatory power occurred and to discover fuithei if the change wore 
reversible from either side of the isoelectric point The observations aie 
recorded m Table VII — 
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Table VII 


j Date 

p.. 



1 ^ aee ^^ 

Ph 


t«Jr 

April 20 

.. 

-§•87 

-87 79 

April % 

4 0 

-8 87 

-37 -79 

„ 20 

4 66 

-8 68 

-88 48 


20 

6-4 

-8 09 

-86 60 

.. 21 

4 65 

-8 68 

-38 72 


21 

6 4 

-8 10 

- 86-65 

» 22 

4 66 

-8 68 

-88 04 


22 

6 4 

-8 11 

-36 89 


4 .3 

-8 74 

-89 43 


28 

7 6 

- 8 '14 

-36 73 

26 

4 3 

-8 72 

-89 84 


23 

7 6 

-8 15 

-86 78 

„ .30 

4 3 

- 8-78 

-89 89 


26 

7 6 

-8 14 

- 86-78 

,. 30 

6 '46 

-8 06 

-36 37 


26 

7 6 

-8 20 

- 87-00 

Maj ’ 2 

6 46 

-8 06 

-86 82 


29 

7 6 

-8 26 

-37 -23 

» * 

7 1 

-8 61 

-88 81 


30 

7 8 

-8 26 

-37 21 

» 5 

7 1 

-8 67 

-39 12 






Note OH the Cryatalhsatwn of Ovalbumin 

The rdle of acid in the process of crystallisation of albumin has received 
some attention at the hands of a number of investigators since the procedure 
was first carried out by Hopkins and Pinkus. Those investigators found that 
a 10 per cent solution of acetic acid served admirably for the adjustment of 
the solution so that crystals were deposited. Osborne recommended HCl 
very shortly afterwards, while Krieger found HaS 04 to give the best results 
But as Hopkins pointed out in 1900 almost any moderately stiong acid will 
bring about crystallisation In his extensive study of the emulsoid colloid 
using crystalline ovalbumin as material, Sorensen (1917) employed N/5 HjSO« 
with additional water and (NIl 4 )jS 04 solution. 

Ill the course of mj experience I have had to prepare many small lots of 
crystals and have employed several different acids of various strengths but 
always adjusting the reaction finally to about the same optimum hydrogen 
ion concentration On several occasions I have found the method of Hopkins 
to fail to yield crystals at the beginning, although the two possible causes of 
failure which he mentions were excluded, viz, staleiiess of the eggs and 
insufficient whipping If, after a heavy amorphous precipitate has been 
thiown down while standing after the usual adjustment, more acid be added, 
crystals sometimes appear on further standing. These failures 1 attribute to 
an increased alkalinity in the egg whites and inability to attain the proper 
hydrogen ion concentration for crystallisation before the protem was 
precipitated. 

On two occasions when the optimum conditions had been established for 
crystalhsation and a generous sowing of crystals added, a heavy pi-ecipitate 
was obtained, which consisted entirely of round globules of various sizes — 
the globuliths of the Hofmeister method of preparation. These globuliths 
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could never be induced to crystalhae, in spile ol sowni'i and lepeated agita- 
tion. They remained for t«o months in this condition, slowly coalescing into 
a hard gel formation at the bottom of the boakei They wore then ledissolved 
and reprecipitated by (NH4)aS()4, but again tlie precipitate consisled of 
nothing but globuliths of an enoimoiis size, which again settled to a gel This 
observation is of importance in the light of two lecently published papers. 
Bradford (1920) claims to have crystallised gelatin, and Oswald (1915) 
albumin from human ascitic Huid, yet in both cases only globuliths were 
obtained In Table VIII I have collected the amount of acetic acid used m 
crystallisation of several lots of egg white and expressed it in terms of cubic 
centimetres per 100 cc of filtrate — 


Table VIII 


Lot I Fluid volume 


Aeiil volume Product 


1 , 600 

2 I 275 

8 I fiOO 

4 > 650 

6 325 

6 I 326 


4 0 

5 1 
4-8 

6 0 
4 0 
4 7 


2-04 
3 70 
8 60 
1 88 
2 05 


Crystal* 

Crystal* 

Globulitlii 

Globulitlis, 

Cry»tal8 

Cry«tal* 


It IS thus shown that the globulith mother hcpiors required more acid to 
adjust them to the conditions of ]>recii)itation than the normal. Now it has- 
been observed by Ixilh Hopkins and Sorensen that this is necessary for eggs 
tliat are not strictly fresh The phenomenon thus suggests to my mind 
fuithor evidence toward an explanation of the rdlcoi acid and sulphate in 
ciystallisation We aio dealing essentially with an equilibrium between 
albumin, water, salt and acid The function of the salt is one of dehydra- 
tion, as ha^ been shown by Chick and Mnitin (1913) The function of the 
acid 18 probably twofold. By virtue of the fact tliat albumin is an ampholyte 
and on the alkaline side of its isoelectric point, it is bound to foim a salt 
with ftee acid At the same time, the acid ions have dehydinting powem. 
It IS thus an adjustment of the available water molecules between the jirotem 
or protein salt, on the one hand, and the ammonium sulphate with the free 
acid ions, on the other Sorenson (1917) has hi ought forward evidence from 
careiul quantitative expeiiineiits to show that crystalline ovalbumin is a 
definite hydiate. The above-mentioned observations would be then compre- 
hensible if, duo to slight autolytic changes, the protein had lost some Nil* 
groupings, and thus at least some of its power of salt formation with acids, 
yet retained its ability to form a definite hydrate. The globuliths, on this 
view, would be egg-hydrate, but not potentially crystalline ovalbumin. 



24 


Mr E G Young On the Optical Rotatory 

In the light of the above discussion it is of interest to consider the 
conditions under which Hofineister first obtained ujstals He slowlj con 
centiated a half saturated solution of ammonium sulphate containing albumin 
Now such a solution is natiually acid due to the fact that (NH4)jS04 is a 
salt foinied by the union of a very strong acid with only a moderately strong 
base burthennore on slow evaporation in open \e8sel8 some of this free 
NH4OH will be lost and the soluti >11 will become more acid until such a 
point 18 reached at which the hydrolysis will become negligible It would 
thus he conceivable that at one stage of evaporation globuliths would appeal 
and at a later stage when the solution had 1 ecome more acid crystals The 
globuliths might then take up more acid and crystallise since the phases 
differ in degree of their constituents and not m kind and the disixirso phasi 
IS more or less permeable to electrolytes in the continuous one 

In any case both crystals and globuliths are precipitated again fiom a 
soluti in of (NH4 )sS 04 which is much less concentrated than that required for 
ordinary amorphous material The concentration of (NH4)aS04 is usually 
slightly more than quaiter saturation while amoiphous albumin in equal 
concentration requires considerably moie than half saturation This fact in 
itseh to my mind is a very good reason for believing that both crystals and 
glol uliths are hydrates of ovalbumin The rdle of (NH4)a,S04 would thus be to 
remove the solvate water associated with the albumin molecular aggregates 
which kept them in solution but to leave the hydrate water still attached 
If the hydrate were not formed then the concentiation would have to be con 
sidcrably increased in order to control this excess of free water molecules 
and an amoiphous precipitate would result 

D-iMtisston of Results 

brom tlie experiments describe! in the preceding sections we have seen 
that there is n variation of tho speci&c rotation of ovalbumin depending upon 
the hydrogen ion concentiation of the solution The addition of acid to a 
solution at its isoelectric point causes an inciease of its lotatory powei 
which lomains constant The addition of alkali to a similar solution causes 
a prompt fall in rotatory power which slowly rises to the original vilue 
Further addition of alkali has no effect These changes are reversible from 
either side of the isoelectric point If howevei the albumin sample be kept 
at the isoelectric pomt or thereabouts without adding either acid 01 alkali, it 
IS possible to obtain a constant specific rotation for successive recrystallisations 
The maximum experimental errors are small The polarimeter readings 
are accurate to 0 01 of a degree and since rotations of ten degrees or more 
have been observed, the error from this determination would not be grentei 
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than 0 02 per cent The erroi m the estimation of the dried coagulum from 
variations oliserved might amount to 2 6 nigrm in 0 6 grm , or a maximum 
•eiior of 0 5 per cent A ituotuation of 0 25 of a degree m the specific rotation 
value would he the maximum experimental error peimiasible It will he 
found that the results agree more closely than this as a lule The vaiiationb 
an specific rotation produced by variations of I’li, as shown m Table VII 
for example amount to several degrees There seem to be two possible 
explanations for this phenomenon As Fischer has shown, the salts of 
ammo acids have different optical lotations from the free acids themselves 
Now the isoelectric point must be taken as the natural point of neutrahtj 
of the protein molecule that is, the point at which the dissociation con 
stants of the pioteiu as an ncid and as a base balance B) the addition 
of acid 01 alkali salts would bo formed on amino acid groupings and the 
measure of salt formation would lie the governing factoi m change of 
•optical rotation Ihis is certainly not so on the alkaline side foi beyond 
the first drop in rotation further addition of alkali has no obvious effect 
Likewise the addition of acid can change the rotation once, and once only 
apparently 

The second explanation as suggested by Eobertsoii that a tautomeric 
•equilibiium exists in oeitain amide groupings is most forcibly emphasised by 
the slow change iii optical rotation in alkaline solution, and further, by the 
reversibility of the phenomenon generally from either side of the isoelectnc 
ipoint That such a tautomensm is probable from other reasons has been 
very fully shown by Robertson, in supporting his theoiy of protein ionisation 
Furthermore such an equilibrium would be governed by the hydrogen ion 
•concentration and not by the quantity of acid molecules present The 
slight changes iii the at idity of the medium might thus account for tlie 
fluctuations of the specific rotations observe I and recorded in the literature 

Cl ifstalline Set um Albumin 

Ciystalline serum albumin was hist prepared by Guibei in 1894 by the 
direct application of Hofmeisters method to hoise serum Merely fioni the 
appearance of the crystals Gurbei concluded that thiee albumins occur in 
serum, all crystallisable Michel in 180b introduced a slight modification in 
the technique, aud determined the coagulation temperature and specific 
rotation of the crystalline product Hopkins aud Pnikus (1898) mention 
the fact that it is possible to obtain crystals from serum by the acid method 
but the time required is one to several days Kiieger (1899) shortly after- 
wards suggested the use of HjSO* in place of acetic acid without any 
■quantitative data In fits papei on pure ovalbumin, Hopkins mentions that. 
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111 some attempts to purify serum albumin in like fashion, more difficulty 
was experienced in arriving at a homogeneous product by reason of pigment 
contamination The last study of serum albumin was carried out by Hardy 
and Gaixlirier, and only published in abstract form. By means of absolute 
alcohol and anhydrous ether as extraction solvents and dehydrating agents at 
—4° C, a snow-white protein was obtained, which could be readily dissolved 
and crystallised This mode of preparation serves to remove all traces of 
fatty material present in the original precipitate from serum, and has been 
used in part of the experimental work. The claim is made by these authors, 
unfortunately on very little published experimental evidence, that the 
albumin in serum exists as a complex of albumin, cholesterol esters and two 
pigments. This point is discussed later m the light of my expeiimeiital 
findings 

The various values recorded m the literature for the specific rotation of 
serum albumin are given in Table IX 


Observer 

Table TX 

1 Materwl 

Specific rotation 

Frwdinoq (1880) 

Vraorphous 

-66 07 to -68 41 

Starke (1881) , 

-60-06 

Sebelien (mS) 


' -60 1 to -62 8 

Michel (I89fi) 

Crystalline 

1 -61-0 

MaxiinoTitsch (1901) 

-47*47 


I'-t epitmtwn of Material 

Two methods of preparing albumin have been followeil witli a Mew to 
contrasting the products obtained, the alcohol-ether iiiethoil ot Hardy and 
Gardiner, and a procedure evolved from the general piinciples of the 
Hopkms-Pinkus method The blood was drawn fioin the right jugular 
vein of a normal horse and collected in sterile winchesters, where it was 
allowed to clot spontaneously The serum was siphoned ofl after 2 or 
3 days With one jirepaiation the hlood was fiist defibi mated, and then 
centrifuged free from ooipuscles 

Method 1. — The serum obtained was transported to cold storage chambers, 
where it was ppured into three times its volume of 95 per cent alcohol at a. 
temperature of —4° C. The proteins thus precipitated were allowed to 
stand for 24 hours, when filtration was commenced through folded filters. 
The bulky cream coloured precipitate was washed at —4° C. as follows; 
(1) three times with 95 per cent, alcohol, (2) twice with absolute alcohol; 
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(i) twice with absolute ethei The precipitate was next transferred to 
soxhlet thimbles placed in a desiccatoi, and tiaiispoited to the soxhlet 
appaiatus In this it was now extracted with absolute ether for 15 houis, 
after which there was no further loss in weight Ihe thimbles were quickly 
removed to a desiccator containing HjSO* and thoroughly diied in vacuo 
On cooling cholesterol esters crystallise out Iroin the etlier used in 
extraction Ihe latter apparently extracts some pigment as well for it 
becomes coloured a bright yellow The product obtained by this procedure 
IS a very hue snow white powder which can be kept indehnitely if 
thoioughly dried It is necessary to keep the precipitate well protected 
Irom moist an wlietj in contact with either alcohol or ether at a teni- 
peratuie above 0° C The precipitite will otherwise turn into a blown, 
brittle mass on drying which is insoluble in watei irom d250 co of 
seium, 240 grm of protein were obtained, representing approximately 
7 4 per cent — 

Arudym oj Material 

The white powder in diy foim oi as a concentrated solution from winch the 
protein had been removed by means of dialysed iron was examined for the 
following substances by the tests mentioned below with negative results m 
every case 

(1) Oholesteiol by Salkowski and Libeimann Ihiichaid 

(2) Lipoid b) organic phosphorus choline and sulplninc acid 

(:5) Fat by acrolein 

(4) Protein hjdroly tic products by biuret 

(5) Glucose by Benedicts piciic acid 

The powder was analysed for total non volatile solids and for its ash 
content by heating to constant weight in a platinum crucible and igniting at 
a low temperature The average foi three determinations of loss in weight, 
probably representing volatilisation of traces of alcohol and ethei, was 
12 36 per cent and of ash 1 34 pei cent on the diy weight The samples of 
powder remained soluble in water in spite of having been subjected to a 
temperature of 112° foi 8 hours This was no doubt due to the thorough 
dehydration 

By reason of the statement made by Hardy and Gaidinei that the product 
obtained by them fiom hor->e serum alter a somewhat similar proceduie showed 
the normal alkalmity ot serum, which, they remark, is not due therefore 
simply to alkaline carbonates, it was deemed important to determine the 
alkalinity of the powder in solution A solution of 13 9 per cent strength 
was placed in a hydrogen electrode vessel of the Barendrecht type, installed 
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in a constant temperature chamber at 18° connected up with a calomel 
electrode containing saturated KCl solution and the usual electiical appliances 
for the electrometric determination of hydrogen ion concentration The 
Walpole medical research potentiometer was used with a Weston standard 
cell IS standaid The E M F observed was 689 5 millivolts which represents 
a h)drogen ion concentration of 2 46x10"* or Ph 7 61 The solution was 
next diluted with an equal volume of water and the difference of potential 
again determined The result was the same as before 

As the ash-content of the protein powder is quite appieciable and as is 
evident fiom the experiments recorded below this ash is made up, at least in 
pait, of fixed alkali, the alkalinity of the solution I would attribute to the 
inoiganic constituents rather than to the weakly basic protein 

In the following experiments on the albumin obtained by the above method 
the detenninations of Pn were made by the potentiometnc method as used for 
the alkalinity determination 

Expel iment 1 — A 20 pei cent solution was prepared m distilled watei It 
may be noted here that in spite of its content of globulin the piotein powdei 
IS entirely soluble in distilled water It would thus appeal that by this 
method of preparation the eu-globulm is so changed that it is now quite 
soluble in distilled water To the mixed protein solution was added a 
saturated solution of Kahlbaum’s purest (NH 4 )sS 04 in equal volume As is 
the case with ovalbumin preparations a distinct odour of ammonia is per- 
ceptible, indicating the presence of hxed alkali The Pn of the medium was 
6 84 Ihe globulin precipitate was allowed to settle for 24 houis It was 
then filtered off and a portion of the filtrate made acid with acetic acid 
(10 per cent ) to the point of equilibrium found desirable in the crystallisa- 
tion of ovalbumin, le a slight permanent precipitate No crystals were 
formed and the solution hod a Pn ot 4 16 Another portion of the filtrate 
was similarly tieated with acid but to a less degree Crystals appeared in 
12 hours The Pn of the mothei liquor was 430 Ihe remaining filtrate 
was treated with acid to a point when the hrst faint turbidity was visible 
Crjstals in abundance weie deposited inside of an hour The Pn of the 
mother liquor was 4 54 Ihe angles of the ciystals weie sharp and the 
crystals themselves large and single resembling small hippuiic acid crjstals 
very closely They were filtered off and dissolved in distilled water There 
was absolutely no trace of residue remaining in the fluid The solution was 
coloured a yrflowish-browii An attempt to reciystallise this prepaiation by 
addition of saturated (NH 4 laS 04 solution, added to the point of the first 
permanent tuibidity, produced not a single crystal but only a bulky 
amorphous precipitate in about 30 minutes 
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EjiMiiment 2 — A 15 pel cent solution was prepared and the globulin 
removed as previously Acetic acid was added until the Ph was adjusted 
to 4 8 Crystals began to form in 2 niiuutes and by 5 minutes there was a 
heavy precipitate, consisting entiiely of crystalline material The amount of 
albumin which was obtained in crystalline form by this procedure waa 
estimated at 70 4 per cent The crystals were redissolved in water and 
(NH 4 )aS 04 solution added with great care at a very slow rate to a point 
somewhat short of a permanent precipitate On standing, the solution 
deposited crystals in about an hour, and the jield was increased by slow 
addition of (NH 4 )aS 04 The ciystals were again brought into solution and 
the liquid still showed a slight yellow colour The rotatory powei was 
observed and the concentration of albumin determined by the Devoto 
method as previously described The albumin was again lecrjhtallised and 
the deteiimnations upeated lable X summarises the results, and it is thus 
evident that the specihc rotation is constant after the hrst cijstallisation — 



Table X 





C rirtullisatii n 

j Protein I ^ 1 

1 ooncentriktiou 

1 [o]i 



1 


per 01 ut 

0 <m -1 H 

-68 


-1 36 

-69 26 

First 

d 18 -2 7-i \ 

-62 

94 

-3 41 

78 30 

Second 

3 16 -4 21 

-63 

84 

-5 26 

-78 33 

third 

1 43 -1 78 

-62 

70 

-2 23 

-78 35 

1 

! ' - 

-63 

83 

- 

-7'< 2b 


Method 2 — The object of this experiment was to discover whethei it w as 
possible to obtain an albumin giving the same specific rotation, but prepared 
by a different method The second method of obtaining serum albumin in a 
pure state was evolved from attempts to obtain crystals fioin serum by the 
exact application of the method of Hopkins for ovalbumin This method has- 
been used by several investigators as a means of obtaining relatively pure 
serum albumin for various purposes, but the procedure has never been care- 
fully studied, and it was still an open question whether an individual albumm 
could be obtamed fiom serum furthermore, the fundamentally important 
relations of senim albumin to the lipoids, cholesterol, and cholestei-ol esters 
of the blood stream seemed possible of investigation by a contrast of the 
serum albumin obtained directly and by the isolation method previously 
desenbed 

The method was constructed on the basis of a senes of preliminary 
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«xpeninents with both ('H3C OOH and H3SO4 in an endeavour to determine the 
optimum Pii conditions It soon became evident that any amorphous precipi- 
tate Nihich was formed before ciystallibution nevei became crystalline This 
18 in slurp contiast with the behaviour of ovalbumin Ihe conditions for the 
•deposition are spread over a much wider range of concentration both of 
hjdrogen ions and of 'imraonium sulphate Ci}8tals, moreovei, will continue 
to fuim iis very long naiiow needles for several weeks after thou first 
appearance 

When the first crop of crystals has been obtained, ceiitiifuged off and 
placed in distilled watei theie is alwiys a considerable residue, although no 
amorphous material can be seen amongst the crystals The natuie of this 
residue has been investigated md is discussed in a later section In Older to 
discovei whether the insoluble lesidue lemaining aftei the lust crystallisation 
■could be eliimuutcd by pievious washing of the seiuni with ether this experi- 
ment was ti led on a sample of serum with complete success The crystals 
foimtd with gieatii ease probably due to the lowering of the surface tension 
at thi intcifuesif growing crystal and mother licpioi The ingles of the 
ciystals weie \cn slurp and the si /c' was uuitorm , turtheimoie, the crystals 
dissolve 1 lapi ily in distilled witei leaving only a minute trace of insoluble 
matter 

The proculure which 1 have found successful for obtaining a luge iimfoim 
yield of crystals incl for reciystallisalion is as follows 

llie serum is washed with an equal volume of ether 111 several small 
quantities by the use of a sejiai iting funnel Sc lum globulin is lemoved by 
addition of an equal volume of saturated (NH 4 )jS 04 solution The prccipi 
tate IS filtered off after 4 or 5 hours The orange-yellow filtiato is slowly 
acidified by means of acetic acid (JO per cent) or sulpliiiiic acid, N/3, to the 
jioint of the fiist trace of turbidity, the solution being constantly stirred 
This point coiresponds to a Pn value of 6 0, and a pigment change from led 
to yellow somewhat precedes it The cloudiness will gradually become more 
dense as further masses of crystals separate After two hours the acidity is 
further increased by the addition of about half as mucli acid as previously 
added Crystals will be found to foim with much greater ease once their 
deposition has been induced at a low liydrion concentiatiou After another 
two hours a third portion of acid is added equal to the second This should 
establish the P,[ of 4 9 to 5 1, below which it is not advisable to go The 
yield of crystalline material may be further increased by addition of more 
(NH 4 )aS 04 solution, a few cubic centimetres at a lime (1 cc per 100 cc of 
fluid) until piecipitation ceases Theciystals so separated go into solution 
practically without residue, but the solution is strongly pigmented Crystalli- 
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sation tail be repeated without much loss of material if care is used in adding 
the (NH4)aS04 with sufficient slowness This operation is more difficult than 
the correspunding one with ovalbumin in that to produce a peimaueut 
precipitate uould be quite fatal to crystal formation (NH4)3S04 as a 
saturated solution must be added to a point when the precipitate, which fiist 
forms temporarily, redissolves slowly Vrom this on it is safest to add only a 
few cubic centimetres every 20 or 30 minutes (1 cc pei 100 cc fluid) By 
this method I have obtained 82 per cent, of the total albumin in crystalline 
foini I liave ciystallised serum which had remained foi six months at —4° C , 
so tliat the factor of staleness would not appear to affect the ciystallisation 
of seium .illiumin to the extent that it does tliat of ovalbumin 

Agiiiii, r would emphasise that, as in the ca'^o of ovalbumin, we aie 
obviously tieatiiig an equilibrium leactioii which is difficult to force to 
completion The albumin lemainnig in solution need not of necessity Ini 
looked upon as iion-ciystallisable oi as essentially different from the 
crystalline It may be that, if it weie possilde to coiitiol physically all 
the const ituoiits of the reaction, and to alter these as they wcie changed by 
the deposition of ciy.stal8, tlieii tlie albumin obtained in crystalline form 
would umuuiit to neaily 100 pci cent The ph}8ical difficulties, however, 
become gieater as the coucentiatiou ol albumin iii solution becomes less 
The fraction of total albumin ciystallised, vu, 82 [ler cent, is somewhat 
higher by this method than that obtained by the first melliod viz, 70 pei 
cent [mthe fiist method, howevei, tiie eouceuti.itiou of albumin was much 
lower, owing to the small amount of mateiial av.ulable It w.is thus nioie 
difficult to coiitiol the distribution of water between remaining albumin, 
(NH4)3S04, and fico acid, while maintaining the latter at its optimum 
concentiation 

By the al)o\e method, it has been possible to caiiy through a senes of 
ciystallisatious with deteiminatioiis of lotatoiy power Table XI summarises 
the results obtained • — 


Table XI 


Crjitalhsatioa 

Temperature 

Concentration 

|«> 


L«Jk 


“C 

per cent 

, 



Firat 1 

20 

1 6 00 1 


-3 78 

-74 78 

Secoud 

17 

6 41 


-4 00 

-76-71 

Third 

15 

C OH 

-02 d8 

-4'77 

-78 60 

Fourth 

20 

1 2 3t 1 

-02 70 I 

~i 08 

-78 24 


-i>2 sa 


-7fl 42 
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The third and fourth values are practically identical when the limits of 
accuracy of the determination of the albumin are considered It is 
moreover of great interest to note that the value coincides with that 
obtained by the alcohol-ether metboil as recorded in Table X 

Discussion of Results 

There has been much discussion foi years past as to the possible chemical 
alliance of proteins with fats or lipoids in the blood This is particularly 
true of eu globulin and Har«ly and Gardiner have bnefly indicated that it is 
possible that serum albumin is chemically bound to cholesterol esters and 
pigments in serum X iw it is necessary to recognise that in determining 
the value for spccihc lotation wc really have onl) allied lotatory power 
with coagulable matciial That is to sa) that identical weights of 
coagulited mateiial in undenatured lorni from the two iieparations if 
made into solutions of identical conccntiation would have an identical 
rotation If cholesteiol were present in chemical union with one albumin 
then it must of necessity have an inappreciable effect upon the total 
observed rotation and be completely volatilised during the diying operation 
By reason of the fact th it cholesterol is optically 1 evo rotatory these 
circumstances are to say the least improbable One other possibility must 
be mentioned The clulesteiol oi othei tatty mateiial with which the 
albumin was chemically associated in seium might be split off in the act of 
crystallisation The milieu foi such a chemically conceived sepaiation is 
indeed nothing moie vigorous than a concentrated (NIf 4 ) 2 S 04 solution and 
veiy dilute acetic acid at a temperature of 20° At the same time, 
proteins aie extiemely labile molecular stiuctiires There is furthermore 
one piece of concrete evidence On first crystallisation diiect fiom serum, 
there is an insoluble lesidue of a fatty nature The deposition of this 
residut is completely inhibited ly previous ether extraction The crystals 
tlicmselves are most probably a puie protein and of the same nature as 
found foi ovalbumin although diffciing in their chemical structure of ammo 
acids as indicated by the difference in specific rotation 

llie solutions used for the determinations of specific rotation recorded 
were never entirely free from pigment The solutions from the first method 
were much clearer than those from the second In the latter the successive 
recrysfallisations diminished the pigmentation of the solution but little 
I have tried many methods of removing pigment by adsorbents without 
success rg, kieselguhr cliaicoal and freshly precipitated banum sulphate 
If the crystals are produced very slowly the first crop formed is always 
much more coloured than subsequent ones The amount of pigment. 
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however must be inmute since concentrations of over 6 per cent of 
ilbuiinii can be examined iii 200 mm polaiuueter tubes with ense The 
work of Palmer and Eckles (1914) tends to show that the pigments art 
carotin and xanthophyll of plant tissues Hut since carotin which pre 
dominates greatly in horse serum has such an intense colounng power the 
amount in the solution used optically must be veiy small — less than 1 mgrm 
in 100 c t 

The true lelationship between the fatty mateiial or pigment and the protein 
in natural seiuni is best undeistood to my mind by the concept that in such 
complex compounds as the proteins theie is no shaip distinction between the 
so called physical a Isorption and chemical union of associated substances As 
Langmuir has pointed out from inorganic studios adsorption is fundamentally 
chemical 

The Insoluble hesuliu 

I have examined the residues which lemaincd after the first crystallisation 
of several lots of albumin from serum It is very obvious that they differ 
markedly in texture Occasionally they can be collected with difficulty on 
account of being an oil As such it is impossible to centrifuge and difficult to 
filter Whon scpaiated it is found to b< entirely and readily soluble in ether 
except foi a little contaminating piotein This solution shows a very heavy 
precipitate on adding acetone but an oil is dejKisited on slow concentration 
At other times the residue is a solid which can be readily centrifuged off and 
washed free fiom pigment I have dissolved this in ethei and hot alcohol 
On cooling the solution in alcohol deposits needles of the appearance of chole 
sterol esteis "iiid the solutions give a voiy strong cholesterol reaction 

bince no amorphous material is ever visible under the highest power of the 
compound microscope when the first crystalline product is examined yet a 
very marked residue remains on attempting resolution I examined the 
< rystals while they were going into solution under the microscope It then 
became cleai why the albumin dissolved so slowly As the highly refractive 
protein intenui of the crystal disappeared there still remained the outline of 
the crystal Soon the field became covered with these shells of the former 
crystals without any remaining pioteiii There was still no amorphous 
material On agitating the slide however the crystal outlines rounded into 
fat like globules. It would thus appear that each crystal had had a thin 
covering of fatty material dcpositeil about it This would naturally interfere 
with the process of crystallisation and make the crystal sizes vary It is 
noticeable that large crystals are first formed which are four or five times the 
mass of smaller ones appearmg later Furthermore the presence of this fat 
like matenal alters the shape of the crystal obliterating angles and inhibiting 

▼OL. xcin — B D 
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rosette foimation When tlie serum is ether washed previously to orystallisa 
tion the crystals show sharp angles are >t uniform size and more quickly 
deposited 

The above obseivation shows hiw the natiiie of the medium may affect the 
stincturo of the crystals and la of interest in the consideration of all ihe 
work which has been done m the eiide ivour to link up crystalline form ot 
proteins with plant or animal species fioni material which has been ciystal 
Used hut once from its natural medium It is also interesting in showing the 
possible physical associations between liixiid and pr item iiiateiial in protoplasm 
and the difficultv of icnijving tho one constituent without affecting othcis 

SlMMAllY AND CoNl I USIOXS 
Ctyiil tllint Ondb inn > 

The specific lotation of cijstillim hen ovalbumin is found to be —10 81° 
for [a], and — 1753° for [ajp’' The value for [a] is constant within tiie 
limits of experimental error after the second crystallisatnn il rccrjstallisation 
be earned out about the isoelectric point (Ph 49 51) 

At a lower hydrion concentiatioii (Ph 5 1 5 4) a constant lowei specific 
rotation is obtained [«] ’* = —1014° and [«]>“= —36 80° The lesults 
were identical by two different methods of an vlysis 

The optical rotation of an albumin solution at its isoelectric ^oint lemaiiis 
constant If it bo made slightly acid a prompt rise in rotatory power is 
observed to a new constant level If the solution be made alkaline to Ph 4 9 
a piompt fall in rotatoiy power ensues which very sli wly rises to the pievious 
value This phenomenon can be brought about fioiu eithei side of the 
isoelectric point and is revereille The variations in optical rotation are 
explained on the basis of a tautomciic equilibiium of the lactam lactim type 
Experiments are lecorded which tend to show that globulith formation is 
no indication of the power of a protein to crystallise but probably indicates 
hydrate formation 

Crydalh'iie Se? um Albumin 

Two methods have been used for the preparation of pure serum albumin 
(horse) The first method involves the precipitation and c implete dehydration 
of the mixed proteins of seiuni at a tempeiature of - 4° C by means of 
absolute alcohol and ether leniovul of fatty substances by Soxhlet extraction, 
and crystallisatioii of albumin from aqueous ammonium sulphate solution, 
70 4 per cent of the total albumin was obtained in ciystalline form After 
the first crystallisation the product possesses a constant rotatory power, 
[«]„»»= -62 8° [a],«= -78 3° 
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The second method involves the extraction ot the serum by ether and the 
ciystalhsation of the albumin by ammonium sulphate and acid at Pn 6 0 to 
5 0 , 82 per cent of the total albumin is thus obtained crystalline After the 
third crystallisation the specific rotation is constant [ajp*® = — 62 8°, 
[«], -78 4° 

The insoluble residue from tlie first crystallisation from natural serum is 
shown to be a deposit of fatty material around the crystal surface. Its nature 
vanes with different preparations soimlinies phosphatides predominate 
sometimes cholesterol esters The rtlation ot fitty material and protein in 
serum is discussed 

In conclusion I wish to express my sinceie thanks to Piof b Gowland 
Hopkins for his valuible advise and criticism during the course of this 
lesearch 
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The problem of meUinoiphosm in Amphibia attracts vttention ft im many 
points of view Thc'ie organisms have one may say acipiircd interest as 
Ijeing indicators for the action of certain internal secietions tlie imderlymg 
mechamstu of iiietaiiioiphosis is still impertectly undeistood aiid the general 
biological problems involved especially with respect to the neotenous and 
perennibianchiate forms are icmarkably fascinating The experiments hero 
recoided were undertaken with a Mew t( eliicidatiiig these issues more full) 
ind in the course of them data relevant to the pigmental responses of Amphibian 
larvi also emeiged Eor various reasons it was deemed desaable to publish 
an account of the observations so far completed Acknowledgment is made to 
Mr 1) F Leney of New College for assisting in the care of iiiimals to the 
Royal Society and the Trustees of the Dixoiilund foi grants in aid of the 
expenses incurred by the authors respectively and to Piof h W MarBride 
F K.S for his kindness m leading the MS 

1 Mdanwrphosut of th Axolotl hy Thyioui Administrolio i 
(a) When a note (Huxley Nature 1920) on the metamorphosis of medium 
sized but immature Axolotls by means of thyroid feeding was published by 
one of the authors a yeai t^o and conhrmed a few months later (Hogben 
PZb, 1920) our attention had not been called to Jensens work (1916) 
Since this appears to be little known and is not readily accessible to English 
speaking workers it is proposed to give a short liawtiiol some of his most 
important findings 
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First however a lecord of one of our )wu exponments will le given 
Two black Axolotls one male the thei feinalt and both sexually mature 
(though not quite full giown) were kept in a laige tank together with two 
fine full grown white Axolotls as eonti Is The e iitiols wore fed on worms 
while the others weie given j iee< s t \ tliyroi I In every cose the feeding 
was controlled the woiin oi ] lece ot tl yioi 1 being kept near the animal s 
mouth until swalh wed if persistently lefiised itvvasreni ved The thyroid 
feeding Iiegaii tn Noicmler 30 1919 On Deccinbei 29 the thyroid fed 
animals wcic past tl c ciitical sta^i ot metamorphosis (sec Bmlenger 1913) 
on luiuiury 1 1 n tiace of gills was left on Taiuiary 19 the animals loft the 
water and the nietaiu irj liosis could thiicfoie be consideied ascimplete The 
temperatuie was at first that if tie loiiii viiying Irnu 8° to 15° ( fioin 
January 2 when the watei was w inned by an electiic light hulh it lose to 
between 14° and 16° ( The length i f thi sptciinens at completion of meta 
morphosis was 17 4 cm ( (^ ) an I 14 6 i m ( ) the male had the typical sign 

of maturity — enlargement if the lijs it the cloaca — well marked Ihe 
controls during the siiiie period showe I no changes It is an interesting fact 
that the metaraoii hose I aiuinals although teudiiiL, to come more frequently 
to the suiface about the time that the ciitical stage was reached showed no 
inclination to leave the water until after the morphological alterations had 
run then couise It is only when a tew days have elapsed after the com 
pletion of the visible exteinal changes that the tnimals i merge from the 
water 

( b) Jeubcn s Woil 

Curiously enough Tensen also believed that ho was the hist to obtain tlie 
metamorphosis of Axolotls by thyroid and it was only after his paper was 
completed that he iound that he too had been anticipated — byLaufbeiger(1913) 
leusen s exjieriments howevoi are much fuller He used calf thyroid as 
diet Two week old laivio on this diet all died within a few days without 
change of foini hour immature specimens (10 to 16 cm in length) raeta 
morphosed in 17 to 25 days withiut exception They weie fed only three to 
eight times with 1 to 3 grm thyroid in all An intra abdominal injection of 
lodothyrm caused metamoi-phosis m the same length of time (10 specimens) 
The amount of lodothyrin injected had no influence upon the rate of meta 
morphosis within the limits used (1 to 10 o mgrm ) One specimen fed upon 
lodothyrm started to motamoiphose but after 21 days of very slow change 
began to reverse the process and became larval again Four mature 
specimens 22 to 24 cm long and two of them known to be over 6 years old 
we re also successfully metamorphosed The time required was here greater 
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varying from 27 to 32 dajs Two of tluse animals weie females who had just 
started to lay eggs , tlie very interesting fact was noticed that oviposition 
ceased almost immediately the thyioid diet was started (It would thus appeal 
that the kataboln action of thyroid will not permit of the anabolic activities 
necessary for the production of eggs On the other hand, the experiment 
does not prove that egg laying canmt pioceed during metamorphosis, for the 
amount of thyioid given was certainlj very much in excess of that necessary 
to produce metamorphosis It would be of great interest to attempt work 
along these lines with amounts of thyioid (or lodothyrin or thyioxin) close to 
the critical amount ) One immature animal was fed on tliyioid while in deep 
watei , in spite of this, metamorphosis proceeded at the usual rate There 
were no failures to metamoiphose (except the above-mentioned one on 
lodothynn d%d) among all the survivor® and the two that died under the 
treatment wore metamorphosing regularly up to the time of their death 
Salamandra viaadom larvaj were also metamoiphosed by a thyroid diet 
Eight daj larvai came out on land mil to 16 days, and the same period of 
time was taken by 30 day larvee Axolotls in 1/10,000 El solution did not 
metamorphose, but on the contrary developed abnormally large gills 

Experiments were also earned out by Jensen upon Necturus and Proteus 
One adult Nectuuis was at first fed on thyroid later injected with lodothyrm 
The only changes noted were the resorption of one gill on one side, and a 
shght change in pigmentation The animal died after some time Foui 
specimens of Pioteus were also treated, some fed on thyroid, others injected 
with lodothyrm The animals were 12 to 24 cm long In all cases, there 
was a distinct but slight atrophy of the tail-fiu and of tlio gills, but the total 
shnnkage of the hn in height was not more than 1 to 1 5 mm and after 
6 months it regained its oiigmal size Thus, with animals of this size, only 
slight effects could be obtained, indicating that m these permanently neotenic 
forms, the tissues are not sensitive to thyroid m the same way os m normally 
metamorphosing oi facultatively neotenic species Similar treatment failed 
to produce metaniorphic effects in the Ammocoste larva ot the Lamprey 
Jensen further notes that m many, but not all, of his treated Axolotls, 
pathological symptoms occurred as a lesult ot thyroid or lodothynn The 
animals tefuse to eat, are usually sluggish when stimulated, rush about 
madly for several minutes, and exophtlialmos of a very pronounced type 
appears This exophthalmos, it is interesting to note, disappears with the 
other pathological symptoms from a few days before metamorphosis to three 
weeks after it lias occurred 
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(c) Lxter lal Agevciet Agi and Rait oj M tainorphons 

A*) will be seen later our youn„ Axolotl lirvie ftd on th}roid all 
metamorphosed in from 24 to 32 daja Wc aro thus in a position to 
compare the time necessary for metainorph isis induced by th^ioid feeding 
with that induced by an breathing Mane von Chauvins classical txpen 
ments were done with great piecautiona and the tune taken was veiy large 
Those of Boulengei (1913) will seivt as our example foi it is not probable 
that the time for metamorphosis by this means can be much reduced beyond 
wliat was found bj him His rcsulls show that the tunc lequired for 
metamorphosis by an breathing is a function f the tempeialuie Those 
kept at 75° to 80° F metamorplioscd in 80 to 109 days while tliose kept at 
65° to 60° h took 116 to 120 days Ihe times required by animals ted on 
thyroid were always much small r vurjing Irom 17 to 50 days The times 
recorded by fenseu are uniformlv less than those found by us This very 
probably is connected with a diffeience of tempeiature since om experi- 
ments weie all carried out in the depth of winter at temperatures be it 
noted considerably below the lowest used m Boulengers experiments 
Mature animals always require a longer time than do immature Jensen s 
results show that the minimum time for metamophosis was 10 days longei in 
adults than in immature specimens the maximum 7 days longer , the 
minimum time foi adults was thus greater than the maximum for immature 
specimens The difference in oui own exiieriments was still greater For 
immature specimens it does not appeir to make any difference whether 
they are quite young (undei 3 inches in length) or half grown the time 
taken is approximately the same This appears to indicate a real difference 
between the metabolism of adult and immature specimens and that the 
time difference observed is not due meiely to differences of size We may 
sum up by saying that thyroid feeding causes metamorphosis much more 
lapidly than does enforced air breathing and that the change to sexual 
maturity m Axolotls increases the time necessary for metamorphosis by 
25 to 60 pel cent 

Some Amblystoma used in our expeiinients were bred in the laboratory in 
the spring of 1920 The eggs were laid in the second half of Apiil Young 
specimens from these eggs were used for experiment later in the same 
year The first expenments were made m the first week of July the 
larvee then being not qmte 3 months old and measuring almost precisely 
50 mm in length Four of these were fed upon thyroid, and showed all the 
usual metamorpbio changes , the gills were reduced to mere stumps without 
filaments the fin along the back was resorbed and the eyes became 
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prominent All four however died between the fourth and fifth weeks of 
the thyroid liot when piaotically metamorphosed It was not possible to 
say whether death was due tc intei nal causes resulting from a too i recocious 
transf 01 Illation or whether it was luo to the animals not being alle to 
climb out of the water that this latter suggestion inigl t well be vahd is 
shown ly the fact that the iinmals legs it this sta^e were i loportionately 
smaller ani especially slondeiei than at later stages ind were quite 
possibly too weak to support the cieatures on Ian 1 On the other hand 
other Amblystoma transfoimed ly thyroid usually reinaiuel several da}s in 
water after completion of all visibk morph ilogical inttamorphie changes so 
that death is most probabl) to be ascril ed to internal changes especially since 
it IS known that in Anura theie is a lower limit of sue below which thyioid 
diet induces an attempt at metani irphosis but one winch is alwa)s followed 
by death 

A single larva was next put on thyioid diet on A ig,u8t 16 1920 t e when 
about 4 months ill and 59 mm in length The animal showed meta 
morphic changes after 15 da)s came out of the water after 26 days and lost 
the last tiaces of gills after 29 days Metamorphosis can thus be induced in 
Amblystoma that have not yet attained a length of inches it is possible 
from tben onwards at any sue or age Three moie larv<e weie started on the 
thyroid diet on AUoUst 9 1920 when nearly o months old The first 
traces ot change were observed on the 17th day the gill filaments were all 
resorbed by the 23td day and all emerged from the water between the 30th 
and 32nd days A slight diminution in size had taken place m the process 
the original lengths if 68 60 uil 60 inin being leduced to 64 59 and 
58 mm resivectively 

The following experiment was earned out to sec wliether immersion in 
dilute alcohol would accelciatc or retard the metamoiphosis caused by 
thyroid Five dishes were prepare! one with laiva in each All contained 
600 c 0 of liquid (P) contained watei and the individual in it was fed on 
meat as a control (T) also contained water but tlie animal in it was fed on 
thyroid (Q) contained 1/3 pei cent alcohol (K) 1/6 per cent alcohol and 
(S) 1/12 per cent alcohol The animals in (Q) (R) and (S) were all fed on 
thyroid The alcohol solutions were changed thrice weekly The experiment 
was started on November 5 1920 It was very noticeable that the animals 
m the alcohol solutions were especially at first more sluggish than either of 
those in plain water They did not at first leact to stimulation but after 
the stimulus had continued for some time they responded by abnormally 
violent movements After 2 to 3 weeks however they apparently became 
acclimatised to the alcohol for their sluggishness was nob nearly so marked 
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(S) was distinctly less shiggiah than the uthei two, between which not mm h 
difference could be noticed 

The experiment was not wholly conclusive The diffeionces between the 
rates of metamorphosis of the four thyroid-fed animals was very slight 
There was however, a slight letardation seen in the specimens kept in 
alcohol, and a retardation which incieaaed with the concentiation 

The experiment was therefore lepeated with the following vaiiations 
(1) Control meat-fed in watei (2)-(6) Ihyioid-fed (2) in w iter , 
(3) in 1/3 per cent alcohol, (4) in 2/3 per (cnt alcohol , (5) in 1 per 
(ent alcohol, two animals m each dish The same slight letaidation of 
metamoiphosis with alcohol, increasing with concentration, was observed 
Again, larger numbers aie really necessary before the retardation can be 
regarded as proved , but, so fai as it goes these expet iments appoai to be 
significant 

All the alcohol specimens this tune showed redness and congestion of the 
gills, increasing with concentration The congested gills were not reduced 
till relatively very late, and then decreased remarkably rapidly in size 
The 2/3 per cent and 1 pei cent specimens all died suddenly just before 
they weie due to metamorphose Metamorphosis in the control took 
29 days , in the 1 /3 per < ent 29 and 31 days 

(d) Svx of Thyioul 

From all recent work upon the inetamoiphosis of Amphibia, it would 
appear certain that metamorphosis is normally associated with thyroid 
activity, taking place wlien certain substances pioduoed by the gland reach 
a definite concentration in the body In those forms, therefore, m which a 
typical metamorphosis rarely or never occurs, we should a pnon expect to 
find an abnormally small thyroid 

In the Axolotl, however, the thyroid is not abnoimally small , furthei, 
it presents a perfectly noimal histological picture It would only be 
possible to give definite data after a caieful examination of the relation 
between thyroid-weight, body-weight, and, if possible, iodine-content (or other 
criterion of activity) of thyroid in a number of Urodela, including normally 
metamorphosing foims, tho Axolotl, and some Perennibranchiates. There is, 
however, one observation which it is of interest to mention here. That is 
the abnormally large size of the thyroid in Siren This has been recorded by 
Wilder in his anatomical account of the animal (1891) , and his account we 
have confirmed from tho dissection of two specimens preserved in spirit in the 
Oxford University Museum The thyroid is not only as large as in a normally- 
metamcrphosing species, but mucli larger Of this fact there can only be 
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two explanations Either the thyroid of Siien is no longer producing the 
same type of substances as in other Amphibia , or, if it is continuing to do 
so, the body of the oiganism does not lespond to the substances produced in 
the same way is in other species That this latter is a possibility is shown 
by the example of Proteus and Necturus winch cannot be transformed 
by thyroid feeding In either event the laige size of the thyroid is very 
peculiar and demands investigation possibly it has taken on some new 
function From the paititulais given by Platt (1896) it does not appear that 
the thyioid is undci -developed in Nectuiiis In Typhlomolge on the other 
hand Emerson (1905) loports the complete absence of a thyroid gland 
Leydig (1853) describes the thyroid of Pioteus as being small, median and 
composed of but 3 to 15 vesicles which, howevei often contained colloid 

(e) Sroph/hdhnos A'^'.onutul mth Afetamorphobis 

It IS an intcri sting fact which, so far as we know, has not been previously 
emphasised, that Amphibia before metamoi phosis have then eyes flush with 
the surface of their head but that in the adult state the eyes protrude con- 
siderablj In the case of the Axolotl the eyes remain flush with the surface 
so long as the animal remains in the aijuatic form, even if it becomes sexuallj 
mature The phenomenon appeals to occur eipially in Anura and Urodela 
In view of the connection of the thyioid with Amphibian metamorphosis 
this protrusion of the ejelwlls becomes interesting when it is remembered 
that exophtlialmos is one of the most prominent symptoms of Graves s 
disease Whether the exophthalmos in Amphibia at metamorphosis has any 
lelation to that of exophthalmic goitre cannot be definitely stated 

2 Accele/qtion of Metamoi pJmis by Iwlnu mth Tnton and Salainandra 
Larver 

Following Swingle s results (1919), a solution of iodine was made by shaking 
up an excess of iodine ciystals in tap-watei in a 2-litre flask, allowing to 
stand for 2 days, and then diluting as required with tap-watei Two larva* 
of Salamandra maculosa wore put into each of a series of dishes containing 
350 0 c of fluid each 

No 1 was the control (tap-water only), the lest contained a saturated 
solution of iodine, diluted respectively 10, 50, 100, 500, and 1000 times 
The experiment was performed at loom tempeiatuie in January, 1920. In 
all except the 1/10 solution the animals fed well In the oontiol and in (he 
1/100 solution the gill-filaments weie unchanged after a week In the 1/500, 
the 1/100, and the 1/60 solutions the gill-filaments weie somewhat reduced 
after 6 days For some reason the greatest leduction ocemred in the 
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1/100 solution Tn the 1/10 solution the animals lotuseil to feed at all. 
One (the smaller) died after one day The other was more sluggish than 
normal animals It showed distinct reduction of the gill-filaraents after 
3 days The filaments were nearly absent aftei 5 days , on this day 
the solution was diluted to 1/12, as the animal seemed ill at ease On 
the eleventh day mere stumps of gills were left, and the tail-tin had been 
nearly resorlied The animal was pooily, not reacting to stimuli properly, 
and on the twelfth day it was dead. The saturated solution contained 
0 076 mgrm of iodine per litre 

Another series of experiments was stalled on Januaiy 26, 1920. Unfor- 
tunately, It had to be discontinued after 16 days, owing to the ill-health of 
Miss r Peterson, who kindly helped with the work, and to whom grateful 
acknowleilgment is made Twelve sots of four animals were taken, theie 
being two larva- of <S’ tnaeulom and two of TiUon vidgaris in each lot These 
were distributed as follows, according to tempemtiire and to strength of 
iodine solution — 


Temperature 

Strengtli ' 

1 

i>f solution (m 
aatiirated at 

1 ‘ 

dilutions of a solutio 
room temperature) 

1 R 

11 of iodine 

A Zff’C . . 


' 1/60 

1/126 

Control 

B 

1 1120 

1/60 

1/125 


C 2“-6'’C 

ran 

1/50 

1 1 125 



In Series C no animals metamoiphosed during the 16 days ,In Series B 
five metamorphosed after an average tune of 116 days In Series A five 
metamorphosed after an average tune of 6 days. This allows a very decided 
retarding effect of low temperature upon metamorphosis 
All animals were hero kept m the same volume of watei , so that only two 
variables affecting gill-size remained High temperature was found to favour 
gill-development, while highiodine-concentration had the reverse effect This 
was well brought out in the results The gills of those kept at 26° C could 
be arranged in a graded seiies according to si/e, the controls having the 
largest filaments, those in the 1/20 solution the smallest Those kept at 
2°-6° C. also showed a series which was identical, except for the fact that it 
started at a much lower level ; in fact, the gills of the controls at the low 
temperature were slightly smaller on the average than the gills of those kept 
in the 1/20 solution at the high temperature. The 17°-1S° C series was 
intermediate, but rather nearer, as would be expected, to the high-temperature 
series. 
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Great divertiit> iii the rate ol metamoiplnc change was lound so much so 
that the original purpose of the experiment — vi/ to get some (quantitative 
data oil the time lelations of metamorphosis ti ndine concentiation — 
had to bo given up It ippcaie i that the pioiinneiice of the eyes 
which accompanies raetamoiphosis m these forms might begin at high 
temperatures while the gills weic still hypei iiormii in sue Thus the 
effect of high tempoiatuio may be to mask the effect of iodine as far as the 
gills are concoiried When the resorption >1 the gills did begin at high 
tcniperaturts it went very juickh the eflect it the i aliue overcoming the 
antagonistic effect of temporatim. This is probably iircoiding to Swingle 
due to the powi i of all tissues of the b(xly but especially the thyroid to 
manufacture tiom iodine simc substtuice which causes the initiation of meta 
morphosis when it reaches a certain cutical conccntiation inside the bod} 

It however appears pioliable that the iodine may also have a direct effect 
on the tissues of the gills llie \ioIent action of the 1/lOth solution upon 
the filaments in the hrst experiment is ven likely ti 1 1 . exiilamod in this way 
It 18 at vuy rate certain that the filaments arc veiy sensitive to external 
agencies as is also tlie tail fin llotli ot these stiiictures for instance are 
much leduced when Ambl}8toma larve arc kept in a vuy small amount of 
watei 01 in damp moss the mechanical alteiations seeming to initiate the 
reduction (although of course the final complete metamorphosis which takes 
place in these cncumstances must deqxmd upon other more deep seated 
changes) We may say therefore that low tempeiatuie exposure to air 
instead of watci and probably iodine solutions have a directly unfavourable 
effect upon the gill filaments causing a certain amount of dedifferentiation 
and resorption while the < thcr agencies such as tliyroid diet and iodine 
accumulated iii the body ext it an indirect effect by altering the internal 
environment to the point wheie metamorpliic oliaugos are started Once these 
begin, the character of the gill-epithelium is altered and the gills are rapidly 
reduced to mere blobs (fig 4) 

1 Neyatiic hffid-, ij Administi atwn of othei Dmlle^s Oland'i and of Iodine mi 
Metamorphosit, in Aauolotls 

Attempts were made to induce metamorphosis by administration of iodine 
in the medium and with the food to three animals 12 cm in length In the 
latter case as m Swingles earliei experiments (1919) a small quantity of 
finely powdeied iodine was used being in this case dusted on to thin slices 
of meat i oiled into pellets Such treatment does not produce obvious dis- 
comfort, nor 18 it poisonous, and with several animals was continued bi-weekly 
for 8 to 10 weeks without any diminution of gills and tail-fin or any evident 
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toxic consequeuceH All our endeavnuiM confirm the conclusion ot Tensen 
that lOthne free of jrgamr c< inlunation is not efficacious m pinducmg meta 
niorphic changes in the Axolotl It is thus evident that in the nooteny of the 
Mexican Salamander it is int primarily the exogenous factors (available 
iodine supply ml tomperatuie) oontnbuting to noimal Amphibian meta 
morphosis that in signihiant 

Hence it became desirable ti test the etlecL of admmisteiing other ductless 
glinds In this connection the lesiilts ol I) I Macht(1919) who has claimed 
to accelerate tiansformitu n in fiogs by pi estate feeding n? also Heiinet 
Allen’s experiments (1 ( 20 ) 10^10 pait pla)cd by the pitmtaiy glind (antenoi 
lobe) deinan led some attention ( )n Ur ithei hand the experience of 
Gudernatseh (1914) an I otluis doea not in licate the likelihood of mttucnciug 
Amphibian nietamoi phosis by admuiisti iti n if pituitary gland pt) o<i 

IIothyoung(4 1 1 6 months) i,iidold(ls m< nths)luva3 were fed with pituitarj 
gland (anterior lobi ) In thi experiments glands of both old animals (ox) and 
of calves were employed and the treatment w is continued foi thiee months 
without producing metamorphi phenomena As in illustiatiou particulars 
of the following experiment will seivi Irosh ox pi tnitanes were obtained 
from a slaughter hoitsi uid tin posknoi iml aritenn lobes sepaiated On 
Ootolcri 1920 fom vessels wcii prepaied with four larvse m each which 
were neaily 6 m ntlis old Ihose in vessel A. were ted on thyroid those 
in B on pituitaiy mtorioi lobe (licncetoith callel pituitary for brevity s sake 
since posterior lotie was never i mployed in any of these experiments) in C on 
thyroid and pituitar} on alternate days and m 1) on law meat as coutiols 

Tliose fed on thyroid showed the fust visible signs of tiansformation on the 
14th daj their gill filaments were resoibed by the 21st day and the meta 
morphosis was morphologicall) completi on the 26th day The controls 
showeil nr change thioiighout lliosp lei on pituitary have showed no 
metaniorphio changes at all three wcu kept on the diet for 3 months, one foi 
8 months It is ibvious that tlie diet has no eflect on tlieir transformation 
Those fed alternatively upon pituitary and tliyioid metamorphosed in a 
perfeetl} normal way the process however took slightly longer the first 
signs of change appearing two days latei than m those fed only on thyroid 
the total lesorption of the gill filaments and the morphological completion of 
the process each taking place 3 days later than with the thyroid fed ones 

The rates of growth upon the difieront diets are illuniinatmg , they may 
best be presented in tabular lorm — 
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OriKii al lengt) 

Increase in le 

ingth in 31 days 


Pierage 

Aver ge 

Range 


min 

urn 

mm 

A Thyroid diet 

03 0 

1 6 

0 6-3 0 

j B Pitmtary liot 

02 0 

16 0 

14 (V16 0 

0 Alternate thyroid and pituitary 

02 o 

4 5 

3 0-0 6 

diet 




‘ D Meat diet 

01 r 

13 0 

10 0 17 0 


It will thus be seen that thyroid diet in this expeniiicnt did not cause a 
diminution of sue but permitted a verj small inerease ihe C( ntrols fed on 
meat giew rapidly but ihtir growth was dehmtely if slightly surpassed by that 
of the pituituiy fcl animals Those fed alternately on piLiutaiy and thyioid 
showed only a small amount of giowth but it was almost thiee times that 
recorded for those fed on thyicid alone whereas the prop irtioii of delay of 
metaniorpl 0818 in (C) was ly no means equallj ^reat From this as well 
as from (B) it would appear that pituitaiy has definite giowth promoting 
properties for Amblystoma larv e 

Half a dozen animals used m the pituitary let ding experiments were taken 
at intervals ot tune and transfenel to thyroid diet The time taken for 
metamorphosis in thiee cases was slightly longer (33 to 36 days to 
emergence) than in controls so that there may have been a retardation In 
liny case these laivm won clearly able to complete their metamorphosis* 

One individual was also fed for 3 months on fresh prostate without 
showmg any iierceptible signs of transformation though subsetpient thyioid 
treatment induced metamorphosis 

4 l<ffect of Thyroid feeding on Nectuius 
The suggestivi but inconclusive experiments made by Jensen with a 
view to elucidating more fully the significance of the Perennibianchiate 
condition in relation to the physiological processes underlying nietamorphosis 
* Ono animal was continued on the pituitary diet for some time a control m identical 
conditions being fed on ox muscle Aftei five months the pituitary fed specimen 
weighed 32 5 grni the contiol 11 2 grm Other animals of the same age fed on meat 
were all of about the same size as the control It has since been suggested to me that 
if the control had been fed on more succulent diet, such as brain or livei, it would have 
rivalled the pituitary fed specimen Until the suggestion can be tested experimentally, 
I content myself with stating the facts The giowth of meat fed specimens in the 
previous expennient, lasting 31 days, was about as great as that of the pituitary fed 
animals Latei the meat fed animals growth became relatively much slower Another 
noticeable feature was that in thyioid metamorphosed specimens previously fed on 
pituitary the size of the limbs was greater than in those not so treated — J S H 
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in other Urodeles indicated the advisability of extending such ( bservations 
It was not possible to obtain specimens of Pioteus but through the 
courtesy of Prof MacBiido three live medium sized N'ectuius weie secured 
and sulmitted to thyioid treatment in his laboiatory at the Imperial College 
of Science 

The experiment liogan on Bovember 10 1920 One animal was kept as a 
control and fed on am ill pieces of raw beef the other two were given fresli 
thyioid (ox) gland tri weekl} is in the case of the hrst ixpeiimeiiDs with 
Axolotls Up till Die time if writing the treatment has been continued 
without interiuption for 7 months No jigmentil clianges have icbiilted 
and theie has been in neilhei case iny apjiieciable reduction of the tail hii 
As regards the condition (. t the external qIUs obscivation is embariasse 1 by 
the fact that the hlaments are in a. vciy marked degree erectile then 
length when fully dilated with blood bung many times greater than 
when the animal is not actively resi inng they can however be induced to 
extend by compelling the animal to perform niusculai exercise after which 
a rough estimate may le made ol their maximum dimensions Constant 
attention to this point showed vciy cleaily that the filaments of the experi 
mental individuals were relatively shorter even wlieri fully extended but 
for an obvious reason it is not possible to inteiprot this as necessarily 
c msequent upon a reduction in the actual amount of tissue for it is well 
known that thyioid a liiiiiiistration influences the blood pressure iii \erte 
biates and the behaviour of the gills in Necturus is evidently a vaso motor 
phenomenon 

It docs not Hoeiii likely theiofoie that an adnimistiation of thyroid in this 
Perennibi mcluate form is effective in pio luciiig somatic modihcatioiis com 
parable t( tlio e ocemnng at metamorphosis in othei Urodeles In view 
of the moiphological data given by i latt an! of the expeiimeiital evidence 
available, it may therefore be stated that if the Pereiiiubranchiate forms 
like Necturus and biieii are not primitive m the invariable retention of 
the larval type of Uiodele organisation throughout life then failure to 
develop the piedommantly adult characteristicb is not due primarily to 
thyroid deficiency — this of course does not apply to Typlilomolge and 
possibly to Proteus also — nor to a defective supply of iodine in the 
environment There remain at least four possible interpretations then of 
the Perennibranchiate state — 

(i) That these animals have never possessed genetic factors responsible for 
the structures of typical adult Urodela, le that m this respect they are 
actually primitive Ihis appears to be negatived by the purely morpho- 
logical evidence aiailable (see Cadow 1901, pp 65, 136) 
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(ii) That their thyroid tuoobanisiu is unable to make use of the available 
iodine supply so as to produce the requisite amount of active lodineaiompound 
requiied to stimulate metamorphosis 

(ill) That endogenous factors involved in the miintenanoe of the thyroid 
in a condition oi functional activity are not operating eflfectnely 

(i\ ) That the larval tissues concerned have collectively lost the power to 
lespond to the thyroid activatoi 

The second and last possibilities aie emphasised by the fact that whereas 
in norinsl Amphibia Swingle has shown that iodine free of organic combina 
tion can sufhcc to induce metamorphosis not only in normal but in thyroid- 
ectomised lar\ v in the case of the matuie Axolotl lodiiii alone is not an 
ethcient substitute for the thyioid autacoid The importance of the third is 
sufhcieiitly demonstrated by the work of Uhlenhuth (1919) on the relation 
of growth to metamorphosis in Salamandeis and Allen s recently published 
account of tin inhibition of tiansformation in Anura by hypophysectomy 
The state of aftairs encountered in the Mexican Salamander is eminently 
suitable to a further analysis of what we have teimcd the endogenous factors 
in Amphibian metamorphosis , and it is hoped to obtam shortly m this 
coniioction data respecting the relation of the method of thyroid feedmg to 
enfoiced air breathing as a means of bringing about the assumption of adult 
characters 

o Figment Readxonh of Axolotls to PUiatui'y and Adiinal Koinwnes 

While the feeding of Axolotls with pituitary gland did not piove productive 
of positive data in relation to metamorphosis it yielded results which 
encouraged furtliei enquuy into the reaction of Amphibian melanophores to 
the internal secretions 

\ few houis (6-12) after teediiig Axolotls on pituitary (whole) gland, a 
luniked datkeiiing of the skin was observed this was not noticed the first 
few days of pituitaiy diet, hut became increasingly pronounced as the feedmg 
continued At first the darkening was veiy gradual attaining its maximum 
intensity about 18 hours after feeding, which took place every 48 hours 
Ciiriously enough when this effect had quite passed off by the morning of 
the second day the animals were of a ghostly pallor — considerably lighter 
than their normal shade, and remained thus until fed again The rate of 
darkening piogressively increased , aftei 3-4 weeks of the pituitary diet the 
maximum degi-ee of expansion of the pigment cells was reached within an 
hour The extreme subsequent paleness still occurred, appearing withm 
24 hours of feeding Finally, after about 3 months’ treatment the response 
diminished 
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TheBO obseivations were baaed on a <lo7en medium si/ed Axolotls (aud as 
many controls) ot the albino vanity in which the pigment cells arc sparse 
and confined to the upper siirfai e of the head and mid dorsal region Ihe 
reaction was more pronounced when the whole gland or the posteiioi h be 
alone was administered than when the anterior lobe only was used Wiiile 
these experiments wire in progress Ueiinot Vlleii (1920) is«u(.d a prelimiiiaiy 
notification of expenments on pituitary remo\al and tiausplantation in 
tadpoles mentioning int i aim tint animals after pituitaiv lernoval display 
a silvery white appearantc m marked contrast to the coloration ot the 
normal form Jims the expansion of inclanophoies in nation to the 
pituitaij hormones would not ippear to bo confined to Axolotls* 

The inkrest of this uaction is twofold fiistly in relation to bpaeths thesis 
(191b) that nielanophores niiosent a modified form of smooth muscle fibre 
and secondlx in view of a suggestion bj iuebs (190<i) tliat internal secietion 
may underlie the well kn wii phenonien m of colour adaptation Spaeth 
instances as intermediate m chaiacter lietwocii typicil simxith muscle and 
pigment cells the sphincter papilla in winch, in certain cases the cytoplasm 
IS densely dial ged with melanin granules he joints out that the iiiclano 
phores are mesodermal in origin , and draws attention to a lemaikablc 
parallelism between the reactions of the sphimter pupillie fibies aud nielaiio 
phores in lesponsc to electrical and light stimuli and chiinical stimuli such 
as atropine To this it in ly be iddcd that both reai t m the same way to 
the pituitary hoi mono for it has been shown by Crnner (quoted by Schafii 
1913) that the latter induces dilatation of thi pupil 

The phenomenon of colour ad apt ition iii reptiles amphibia and fishes 
has been j rovocative of much i ontioversy and is little undeiutood It is 
widely known that these oiganisms ran respond to the colout of then siii 
loundirigs ly pigmental changes Ihe most recent woik of Laurens (1917) ind 
others shows that though the melanoplioies respond directly by ixptmsion 
in bright light m the case of Axolotls which have been blinded there is no 
secondary modification of tho response (paitial contiaction) aftei continued 
illumination and no power to respond to tbcir bockgiouud eg to biomic 
darker when illuniinatod only from above iii a blaikened contuiiiei llie 
pigmental responses ot thesi animals thus appear to bo under tlie control ol 


* Allen’s (and also Smiths) results indicate that it is the intciiiu dmte lolie of tie 
pituitary which is concerned in pigmental control in Anura Piesumably the same 
holds good for the effect of a diet of Mammalian pituitaiy on the Axolotl The 
intermediate lobe will lemain attached to the postenor lobe unless specially dissected 
apart Swmglee recently published woik (1921) confirms and extends the above 
mentioned results 
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stimuli recen ed through tho organs of vision How this control is exerted is 
at present an unsolved problem 

Two possibilities invite consideration Either the stimuli received by the 
eyes are tiansmitted intirely through the nervous system via the hbres 
inneivating the pigment cells — assuming that in all cases pigmental cells are 
innervated from the ON’S , or neivous stimulation of internal secretions 
efhcient to pioduce the appropriate reaction may be involved Obviously 
both mechamsms may operate concuricntl) In order to interpret the 
pigmental lesponsos m these animals in a manntr consonant with tlu second 
hypothesis it is hrst necessaiy to deinonstiite that the mclanophoies leuct m 
one wa> to oiu type of internal secretion and in an opposite sense to anothei 
It lus been sided thit a pituitary hormone causes the raelauophoies to 
expand and the question aiises whetlior other iiilcinal sicretions cm bring 
about the lovcise effect In this coiine* tion two olmi i vatioiis provide a clue 
Mc( ord and Allen (1917) have recoided that ifter feeding tadpoles (liana 
sylvatira) on pineal glan Is foi 10 days each suhsoquont meal was followed by 
transimt, and complete contraction of inelanophores noticeable in half an- 
hour, n aching its maximum in about 45 minutes, and passing olT after 2 to 
3 hours Ibgiioy (19l9)agaiii hnds tint l>y injecting adrenalin into the adult 
frog, the contriction of tlie pigment colls is produced, coiihrming earlier 
woik of Lichen (1906) 

To tost the leaction of the pigment cells in Axolotls to pineal treatment, 
eight medium si/ed (9 month) Ituvjc weie placed (November, 1920) msepai ate 
contamcis of winch tho sides had been blackened, and illninmatedfiom above 
In this wiy maximum expansion of the pigment cells is brought about witlnii 
a few hours lour were led on fresh pineal glands tri-weekly and the 
remaining loin (lontiols) weie kept on a normal meat di< t Tin* expoiiment. 
was oontinnod for 2 months and proved quite iiuitiess No pigmental 
diffeienees cithii ot a permanent or tempoiaiy chaiacter could lie observed 
in Axolotls although as will be seen later, MiGoidanU Allen s obsen ations 
as to the effect of pineil feeding on tadpoles wt to aftei wards conhrmed Two 
siinilai expeiiiueiits with the same numbeis were then lepeabed, with adrenal 
medulla instead of with pineal gland , whether administered as food or by 
adding fresh extiact to the medium, a complete contrai tioii ot the pigment 
cells invaiiably ensued with great vaso dilatation of the gills* 

/t thus appeals that the pigment cells of viedium-sized Aiolotls leact in an 
opposite mannei to pituitary and adrenal extracts, and the fact that m Allen’s 
experiments the removal of the pituitary was accomplished by melanophore 

* Probably the effect is m cither case due to adieimlin acting ou the skm tad the 
medium 
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conli action is indicative that inteinil secietion underlies the mechanism 
by which the regulation ot pigmtutil reactions is effected in normal life 
In any case there would appear to exist a douhU comiicnsating mechanism 
for tlie control of the behavioui of the mtlanoi horcs lliough we cannot 
jet legitimately infer that this constitutes the iHcctive appaiatus through 
which the organs ot vi«ion infliunce them 

6 The Pineal Pipnent Cycle in Tadpoh^ 

In view ot the Tack of siicci ss with which eftorts to induce a response 
on the put of the melanophoios if the Axolotls were attended it was 
decided to repeat MeOord and I Alb ns cxpeiinients upon piiual adminis 
tiation to Auuran tidpoles About ^>00 tidpolos of Jla la temp nai ui weie 
omplojed for this jiurpose in glass containeis during the spiing of 1921 
At fust the r ntiols (niiat fed) and the expenmentil animals which weio 
fed on flesh ox piiual glands in weekly were kept respn lively in sinjo 
containeis Latei for purposes of observation tlio tidpoles were separated 
in glass bowls (placed on a white background) lu colonies of twenty 
Contempoi ineously tadpoles raised ti nn eggs laid on tin s line daj were being 
fed on supiiienal coitex supraicnd medulla eorpiis luteuni and antorioi 
pituitary lobe for ulterior purposes so that it was possible to ompaio the 
phenomeua cousequeiit upon pineil ireitment with the lesults of alminis 
tratioii ot a more vaiied lange ot tissue extiaets than weie employe I by 
the authois named al ove 

In these experiments no change in the jngniental clmacteristics of the 
tadpoles was noticed during the first fortnight of pineal diet which began 
about a foitnight aftei hitching Befoie three weeks had elapsed, the 
phenomena of the pineal pigment cycle as recorded by its discoverers 
became evident Wit bn a quaiter of an hour of feeding the tadpoles 
became visibly more pale, till when the leaction reaihed its maximum 
half au hour after the meal commenced they assumed a quite unique 
appearance by virtue of the contrast between the complete translucence 
of the head region and tail on the one hand and the opacity of the 
visceral portion of the body on the other Ihis condition passes off after 
the lapse of five or six hours till metamoiphosis took place the same 
reaction followed each administration with the utmost regularity No 
modification of the pigmental features occuiied in the controls oi in the 
additional cultures which weie being fed synchronously with other glandular 
tissues Histological preparations confirmed McCord and Allen’s conclusion 
that the behaviour of the melanophores is the significant element in the 
situation Aftei a pmeal meal the melanophores are fully contracted. 
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the pigment being congregated into compact musses in the centre of the 
cell 

The time relations observed are somewhat different in tliese oxpeiinionts 
from those obtained by McCord and Allen Ihus the latent period was a 
little longer, the time required for tlie effect to manifest itself after feeding 
a little shorter, and the duration of the effect considerably longei In the 
case of A sylvatica, these investigators found that the reaction passes off 
in about two hours Apart from these insignificant details the experiment 
recorded entirely conhrms their results It may be added that extracts were 
also employed and produced rapidly (less) corresponding effects to those 
produced by administration fcr os 

As regards the coitex fed cultures, no difference wis seen in the pignieuta 
tion of Udpoles fed contiimousl} from hatching till nietamoiphosis on supia 
renal cortex as contrasted witli contiols We take the opportunity ol 
putting this ohservitmu on record because Cmdeinalsch (1914) stateil tliat 
cortex fed tadpoles show progressively less pigment attei hvc weeks tie at 
men t, an observation which if con hi me 1 wouhl seem significant in reliLuii 
to iho ffitiology of Addison s disc ase 

1 hat the pineal gland of Amphilua foes actually function in lelation lo 
pigmental responses, although it is piobihle cannot be legitimately contended 
on the basis of evidence so fir available as mammalian pineal glands weii 
employed in the experiments What can be definitely stated is that piiieil 
tissue 18 specifically distinguished by the possession of a physiologically active 
substance a conclusion which goes fai to establish its claim to be ciissifit I 
as an endocrine oi„an 

bwnmo) 1 / 

A MHamo! pfiosu 

1 Salainandia and fiiton laiv e may be melnnn ipliow d !>> iinmuhion in 
dilute solution of iodine Metamorphosis is letarded by low tenijeiatuu 
High temperature at first causes increased growth of the gills 

2 Sexually mature Axolotls can as Lautberger and lenseu original! \ 
showed be made to undergo mctamoi plums by means of a tbyioid diet 

i Metamorphosis is acconipanicd by exoplitlialmos ip))artidli in all 
Amphibia 

4 In the case of the Axolotl the time lequireel toi met ^nl()lpho8i‘^ 
induced by enforced air-breatliiug is considerably longei than when induced 
by thyroid feeding in the latter case it is longei for se xually matiuc 
than for young larvae, and is m all cases acceh rated by increase oi 
temperature 

5 Administration of iodine free of organic combination oi fresli glitulnlai 
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substance of the piostate and pituitaiy anterior lobe, is without any effect in 
relation to the metamorphosis of the Axolotl 

6 Thyioid-fetding continued for 7 months was not accompanied bj anj 
notewoithy somatic changes in Nectiirus 

B I'lfjMtntal liesponsis 

7 I’ltuitary feeding (posteiioi lobe or whole ghiml) pioduces i maiked 
tempoi ary dilatation, followed latei by excessive contiaction, of the dermal 
molanophores in albino Axolotls 

8 Adicnal medulla extiaot produces temporaiily complete contraction of 
tlie dermal melanophores in the Axolotl 

y rincal administration (as extract or as lood) rapidly In mgs about a 
striking transient contraction of the deimal melanophores in frog tadpoles 
MiCoid and F Allen’s observations in this connection aie fully confiiim d 
It lias, however, no effect upon the melanophotes of the Axolotl 
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Studies in BnUer lal Variahihty — On the Occurrence and Develop- 
ment of Dy'^-agqlutirvxhle, Eu-aqglutinahle and Hyper 
aqylutinahle Fotms of Ceitain Bacteria (A Report to the 
Medical Research Council ) 

By B W Ainik\ Walker 

(Comiminicated bv Prof Georges Dreytr, F’ R S Received October 12, 1921 ) 
(Fiorii the Department of Pathology, University of Oxford ) 

Inlroductoi i/ 

That diffeient cultiuos of an aggliitinablo bactemuu ina) exhibit wide 
diffeiences in relative agglutiniibihty when tested witli the same agglutinating 
serum n a farailiat fact But the conditions on which these diirerences 
depend reinain to a great extent obscuu Yet a nuinbei of facts which ben 
upon the problem have come to light m the couise of investigation -i cirried 
out by various observers 

A good many yeais ago the present writti showed (1901) (1) that il a 
senes of strains* of B typhovus be employed m pieparing a corresponding 
senes of agglutinating strums, each such serum is found to act moie powti- 
fully upon its homologous culture than upon any of tlie hetciologous strains 
It was, therefore stated that the seiums weie not only specifit for the species 
of bacterium in iiuestion, but also '•ptcial in each erst to the particular stiaiii 
employed in its production It also appeared that, so far as the evidence 
went, the heterologous strains alwajs lell into the sinie order of rel itivc 
agglutinability when tested with the different special ’ serums 

Somewhat similar results have recently been publislied by A T> Gatdnei 
(1920) (2) in connection with his investigation of Paratyplioid A serums and 
he Ins shown that the peciiliir sensitiveness of a given strain to agglutination 
by serum prejiared with that particular strain, which I had indicated by the 
term special” is, in part at least a inattei ot velocity of reaction The 
phenomenon (so far as it depends on reaction late) was, therefore, spoken of by 
him as a ‘ super-specific acceleration ’ of reaction 

Since my own experiments were made before the introduction of the present 
accurately slandaidised methods of determining agglutination titre, I had 

* In the use of tlie terms “stiains ’ nothing is implied with regard to the i ultures so 
spoken of save that they have been obtained fiom dilTeient eouicos, deiived by different 
methods of cultivation, or selected in any way for a particular purpose If they show 
differences, it is a matter for investigation in each case wheblier such differences are 
permanent or fleeting 
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re examined the question in another relation (1918) (3) with tour sliains of 
B typhosus A rabbit was inimnnised auccesmiely with three of thestiains, 
and on each occasion the titre of its serum rose to a liigher level for the strain 
used as antigen on that occasion than for either of the othei three strains 
lurtheimore the fom strains were seen to belong two mil two to two sero 
logical groups winch were widely diffeieiitute I lioiu each otlioi by then 
relative sensitiveness to agglutination by diffcicnt serums * 

feoniewhat similai serological differences an now well known in ceitain 
other organisations t q Meningococcus riieunn coccus and the) nia) at times 
be V( ry iiiarki d ind<*cd s > that j»ar ticul ir stiaius are describi d as inagglutui 
able — for example iiiagglutinable stnms of B typhosus Yet it is found 
that on subculture these inagglutui il lo strains will so nor oi liter yield 
cultuies which give good agglutination Thus the inupglutinalnlity appears 
to be onl) a phase oi teinporaiy character The inagglutinabU form ot the 
organism ainnot that/ute on tlir iiisHny eiulaici be legard d as ni Unnt in the 
proper sense of the Uim but it piesents an exmiplc of hiclGiiAlJliutuotion 
Since the obsei vations just refoired to (1918) (3) laised a number of 
interesting questions the 8uh|ect has bei n re cxamintd in detail during the 
progress of the present investigation by A U Gardner and Ainloy Walker 
(1921) (4) who obtained iiiagglutinable stiains ot B lypliosu an I compared 
them serologically with oidiuaiy good agglutinatois The existence ot the 
two serologically difleii lit tyjics of B typhosus vi&s fully conhimod Itwis 
shown tliat tliey coiiespon led to a motile and a non motile pbasi lespe tivcly 
of tho bacillus And it was furthei sliown that ft tm a smyl mUux of the 
bacillus colonies could on occasion be isolated by plating winch would on 
cultivation give rise to populitions differing as widely both sciologically and 
os regards motility as any strains obtained from ditfeient sources 

The serological diffeience between tho agglutinable (motile) form and tho 
inagglutinable (non motile) form of the bacillus was an antigenic difTercnce 
For if a serum woie preiiared witli the inagglutinable toim, it agglutinated its 
own bacillus and other inagglulmable strains quite well and to high litre 
But in contiast with the rapidly formed large and fluffy llocculi produced m 
an ordinarily well agglutmating culture the clumps produced m inagglutinable 
suspensions are always small compact and slowly forniod 

On this account, and in view of what is to follow I propose the teini 
dys agglutmahle^ as a moie appiopiiate designation than in i^lutinable for 

* A more complete recoid of this oxpeiiinent was published by Gardner and Ainley 
Walker (1921) (4) 

+ This IS a hybrid word , but so are a good number of other accepted and useful 
terms 
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this phase of the bacillus The ordinarily well-as^glutmable phase ma) then 
be spoken of as eu-niffflutinahle (where distinction is necessary) and the term 
hyfu agqlutuvihti employed for | bases where agghitinability is found to be 
consider ibly imreased The differem es in agglutinability and the antigenic 
diffbrences in strains from different soiiices, and in sub cultures frOni different 
colonies studied by Gaidner and myself arose without exptiiiutntal iiiter- 
ference, that is to sa) they were naturally occiii ring difftrences So also 
appear tube the difloiencos recently desfti bed in h dyhaittiia (Shiga and 
Hexner — Y), and several other organisms inclu<liug U fiipliottits in an 
important papei by Arkwright (1921) (5) Vines also has desciibed and 
studied strains of meningofoccua hypersensitive to agglutination (1918) (6) 
as naturally occurring types Bui the lesults to be ricordtd show tint it is 
possible to produce expernnLntally similar differences of agglutinability in 
many varities of bacteria 

Inthocouiseof expci iment tan led out in 1901-2, I found tliatthe agglutiii- 
ability of B (yphotm was lesseneil by gi owing it in a succession of sub cultures 
in typhoid aggluimating serum diluted with ordinary ciilluit Iiouillon 
(1902) (7) This diuiinulion of agglutiuahility and ceitam othoi pliciiomena 
oliservod, were iiitiipretcd in terms of Eiliehs theory, with the conceptions of 
which I was then unlmod and that intcipretatioii needs rcconsideiation and 
may require revision m the light of present knowledge For it is evident that 
a diminution in the agglutiuahility of au orgtiiisin occurring under these 
cundiiioiis 18 open to more than one possible explanation, since the production 
of a relatively inagglu Unable race of bicilli might be brought abouL in several 
diffeient ways 

Thus it miglit be due (1) to the gradual training and education of the whole 
mass of the population in successive geneiations to resist the action of 
agglutinins , for example by the formation of anti agglutinins, as I formerly 
concluded, (2) or it might be due to a selective encouiagement of the 
jrropagatwn of the less agglutinable individuals (in a population composed of 
elements difTering widely in agglutiuahility) by some cause facilitating their 
niiiltiplication in successive generations, to the gradual exclusion and elimina- 
tion ol the more agglutinable individuals , (3> or both processes might play a 
pait 

The hrst process would offei an example of the lieightening and develop- 
ment of a selected character, originally latent, but more oi less common to 
the individuals composing the bacterial population , the second, one of the 
selective propagation, from a population whose members differed widely 
among themselves in this respect, of particular individuals m which that 
character was alieady highly developed Put briefly, the one would be the 
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srlection of n rlutractn for artificial increase the other the selection of inch oici mis 
for niultiphcaLion And it is obvious that both piocesses irii^ht be at work 
side by side 

In view of these considerations it seemed likely thit iiifoniidtion of interest 
would be obtained by iiiquiiing whit degiie of piralkhsin if in) existed 
between the dilFereiices in ngfjlutiiiability to b< obsoivtd in dilhieiit strains 
(however deiivedl, and those obtainable by repeate I cultivition in iig^lu- 
tiiiating serum In particular it was hoped to tbiowsoiiie light on tin iiiture 
and uiigiii of so called seiological strains in different speiiesol Iwctcua 
Acconlingly experiments have been cat ricd out as dtsiribed below Me in 
while the expiiiments of Gaidner and iii)belf aln ady referred to (Irn nf) 
have shown that extremely wide diffeiemes in agglutinibility, such as luight 
will foim a hiHis for eithei piocess of selection do ictually exist between the 
individuals which constitute the population of a single culture 

In the account whicli follows, the experiment il woik lias been sunimaiised 
so fai as possible and detailed data are recorded only for B typhosus in 
order to sivo space A general suivey of the phenomena under investigation 
IS giien, but only a selection of the experiments is recoided in illustration 
In ceitain directions the results are preliminary and a number of points 
lemain to be woikod out in detail 

'Ihe El pel uinntal Piodnctvm of J)ys ayi/lntinabh and Hypei ar/yliitmahle 
St I a ins (oi Phases) oj BacUna 

By repevted subculture in specific agglutinating seiunis diluted appro- 
priate!) with culture bouillon, dys agglutmihle forms have been obtained of 
the following bacteria, ten in all, which were all taken from sliaiiis then in 
use m tlie depaitiiient B typhosus, B paraiyphosus A,B paiutyp/soswi B 
B ocrtrychi B enter itidis{GmrUiLT) B <oli B dgsentei ae (bhiga) B dysentenor 
(Flexnei), V, W and Z 

On transference from the serum bouillon to ordinary culture bouillon, 
these dys agglutiiiable forms yield cultures which agglutinate with difhculti, 
if at all, wiLli corresixinding ordinary agglutinating seruma , and those of 
them that were originally motile organisms are found to have passed into a 
very feebly motile oi entirely non motile phase After forniolisation and 
dilution to the opacity of standardised agglutinable cultures, they yielded 
good and uniform suspensions for agglutination tests, though in a number of 
cases this result was not obtained immediately or very easil) The dys- 
^lutinable phase of B typhosus and of B dysenterix (Flexner), V W and Z 
readily yielded excellent suspensions on a number of occasions 

In other cases difficulty sometimes occurred for one of two reasons — 
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firstly, that in the case of the motile bacilli, the non-motile phase, when 
first obtained often shows a tendency to revert very quickly to the motile 
eu-agglutinable phase in bouillon culture, and, secondly, because, when 
rapid reversion does not occur, organisms in this group, and also in the 
dysentery group, which have been grown lu a succession of cultures in 
dilutions of the homologous agglutinating serum, most often glow in early 
bouillon subcultures in the form of a deposit with clear supernatant fiuid 
Although these deposits may often shake up to form perfectly good sus- 
pensions for forinolisation and dilution to standard opacity they yield on 
other occasions suspensions in which many of the bacilli remain more or less 
agglomerated Tlie latter suspensions are always undesirable for use in any 
kind of obseivations on serum agglutination, and they were put aside as 
quite unsuitable for experimentation, if, after the usual period of heating in 
the water-bath followed by 24 hours’ standing at room temperatuie, there 
was any deposit wbatevei at the foot of the control tube, or moio than a 
faint granulation to be seen (with a lens) in the fluid 

B typhosus 

An actively motile agglutinable bouillon culture of B typhosus (Te)* 
was taken from a strain then in use, and a stock of formolised agglu- 
tinable culture of standardised opacity was prepared from it A subculture 
was preserved in agar stab, and a subculture was made in the agglutinating 
serum of rabbits immunised with Te, diluted 1 to 9 bouillon The 
latter culture giew in the form of flocculi of agglutmated bacilli, which 
sank to the foot of the tube It was carried on at intervals of 48 hours in 
small tubes in a succession of cultures in the diluted serum through nine 
passages The serum dilutions were tested for sterility before use by 
incubation for 48 hours at .37° C 

The successive subcultures were always made from the top of the fluid, 
care being taken not to disturb the deposit In the first and second 
cultures this fluid looked clear , but, in the later cultures, an increasing 
turbidity of the fluid appeared, in addition to the flocculent deposit at the 
foot of the tube This appearance suggested that an increasing number 
of the bacilli present were insusceptible to the agglutinating action of 
the serum bouillon medium Nevertheless, the microscope often showed 
the presence of small clumps among the free bacilli 

From the fifth and ninth serum bouillon culture ordinary bouillon cultures 
were made and, from these, subcultures (Te 5 and Te 9) were prepared 

* The game strain ae that denoted T (E) in the paper by Gardner and myself already 
referred to (4) 
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24 hours later in 260-co flasks containing 100 cc of bouillon The latter 
were grown for 24 hours at 37° C , and then well shaken up and forniolised 
They were placed m cold stora^ and shaken up several times a day 
for 3 or 4 days, and were subsequently diluted with foimolised normal 
saline solution to standard opacity Microscopic examination before 
formohsation showed that Te 5 was almost entirely in the non-inotile 
phase, Te 9 short and very highly motile Serums were prepared by 
inoculating rabbits intravenously with 1 cc of these forniolised cultures, 
and taking blood on the eighth day Eabbit 1 received 1 cc of culture Te 
and serum was prepared (setum I, 1), a month latei it received 1 co of 
culture, Te 5, yielding serum I 2 and, after the lapse of a month moie, it 
received 1 c o of T e 9 and yielded seium I, 3 

On the same day as the last of these inoculations rabbits 2 and 3 received 
iiitiaveuous inoculations of 1 cc of cultures Te 6 and Te 9 reajiecUvely, 
and serums 11 and III were subsequently obtained from them by bleeding on 
the usual day (eighth) 

These serums, togothei with a 100-unit standard seium (Dreyei), weie then 
tested out against the cultures le, Te 5 and Te 9, using the series of 
dilutions 1 111 25, 60, 125, 250 etc, of Dreyer’s series, and recording the 
results in Dreyors notation of total (t), standard (s) trace (ti), and inter 
mediate values {eg, s— , tr + ) as reqmied The tubes were read aftei 
2 hours 111 the watci-bath it 54° to 56° C, followed by 15 imnutes’ standing 
at room temperature, and again after 24 hours at room temperature 


Table I — Showing Dilutions of Serums yielding ‘ Tiace ’ Agglutination 



2 hour* reading* 


24 hour* reading* j 

Culture 1 

T d6 

le 

Te 6 

1 e 9 

T 86 

le 

! Te 6 

1 

Te U 

100 unit Standard gcrum 

760 

800 

10 

1,200 

1 1200 

1,000 

900 ’ 

2,600 

Serum T, 1 

- 

1,600 

20 

2600 

- 

1,900 

800 

4,000 

Serum I, i 

- 

6,000 

460 

4600 

- 

6000 

I 000 

6,600 

Serum I, 3 

- 

4,800 

450 

4,600 

1 - 

6,000 

1,000 

9,000 

Serum II 

000 

1,900 

100 

2,200 

1 1,300 

2,200 

2,000 

2,600 

Serum III 

18,000 

10,000 

20 

18,000 

20,000 

20,000 

176 

46,000 


Serum I, 1 from Rabbit; 1, inoculated with 1 c c T e 
„ I, 3 „ 1, „ „ 1 o o r e 6, a month later 

„ 1, 3 „ 1, , „ I c c T e 0, a month later itill 

„ 11 ., 2 , , ,. IcoTeB 

„ III , S, , „ 1 e c T e 9 
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The complete record of these tests is omitted from considerations of space 
But the end point readings, after 2 hours and after 24 hours, are presented 
numerically m the subjoined Table (Table I), where the figure given repre- 
sents the dilution of the serum observed for a reading of trace (tr), or 
estimated from an observed end-point reading of tiace plus (tr-f-) or trace 
minus (tr— ) 

From this Table and in connection with it, the following points emerge — 

1 In the ciiltujo Te 5 the bacillus has become distinctly dys-agglulinable 
The 2 hours’ readings show a vciy low agglutination titre even in the three 
serums prepared with this culture itself, either alone (serum II) or following 
a previous inoculation of Te (serums I, 2 and 1, 3) 

In the 24 hours readings the end point titre has advanced to a fair 
height except in the case of seium III But it is to be stated in this 
connection that, m the tests made on this culture (Te 5) no tube in any 
lenes showed a leading higher than trace plus (tr-h), even when as many ns 
SIX or seven tubes iii series all showed some agglutination, save in the case of 
the two serums I, 2 and I, 3 where, after two and three inoculations respec- 
tively, the serum of rabbit 1 gave marked agglutination (total or standard) m 
the first two dilutions (1 in 25 and 1 m 60) after 24 hours Even in these 
oases the agglutination was of the ‘ aysentenc" type, described by Gaidner 
and myself as characteiistic of so-called “ inagglutinable ” strains of 
B typhosus That is to say, the clumps were small, compact, and slowly 
foimed in contrast with the rapidly formed, large and fluffy flocculi of 
ordinary typhoid agglutination 

2 The culture Te 9, obtained by sampling the supernatant fluid of the 
ninth successive subculture in serum bouillon, is obviously not at all 
dys-agglutiuable On the coiitiary, it is much more agglutinable than the 
original T e It would seem to follow that, at this stage at any rate, the 
change produced by growth in diluted agglutinating serum cannot be one of 
piogressive diminution of agglutinahiliig in the whole population. 

It 18 rather a mechanical separation (by clumping and sedimentation) of 
the more agglutmable individuals from the less agglutinable, probably 
accompanied by facilitation of the growth and multiplication of the latter, 
particulaily in so far os they remain unclumped. 

But smoe, as already mentioned, the supernatant fluid often contains 
(microscopically) many small undeposited clumps, it might easily happen, 
and presumably did happen in the case of culture Te 9, that the sample 
taken for subcultivation in ordinary bouillon contained enough (clumped) 
motile agglutinable bacilli rapidly to outgrow the dys-agglutmable non- 
motile individuals in the course of two successive subcultures in bouillon. 
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the second of which constituted culture Te 9 This point is further 
illustrated in a later experiment 

So far there had been obtained from the culture T e cultures T e 5 and 
T c 9 the former definitely dye agglutinable tlie latter a good deal more 
agglutinable than Te in fact two and a half times as agglutinable when 
referred to standard serum 

3 Culture T e 9 produced in rabbit i a serum of very high agglutinating 
power for Te and Te 9 This however does not indicate that in Te 9 one 
has isolated a specially powerful antigenic form of the bacillus It only 
shows that rabbit S was a particularly good subject for the production of 
agglutinins For on looking at the serums obtained from rabbit 1 it is seen 
that T e 9 which was used foi the third inoculation did not in this animal 
cause any increase of T e agglutination above its previous level 

On the other hand it is very evident that T e 9 was remarkably poor in 
antigenic power for the dys agglutinable bacillus Te 6 ioi whereas 
serum III (Te 9) was nine or ten times as powerful (24 hours readings) in 
its action on Te 9 as serum I 1 (Te) it was only about one fifth as strong 
ajjainst 1 e 5 lhat is to say that in culture Te 9 the antigenic power of 
the original Te has been i educed to about one httieth as concerns Te 6 

4 Serum II (T e 5) is seen to be much more powerful m its action on 
1 e 5 culture than either of the other scrums from single inoculations and as 
powerful (24 hours leadings) as the seiums I 2 and I 3 though these serums 
act two or three times os strongly against cultmes Te and Te 9 as does 
serum II Nevertlieless Te 6 which has become markedly dys agglutinable 
still retains at this stage good antigenic power in forming agglutinins for 1 e 

There is however s irae evidence that its antigenic power for T e has 
undergone reduction since though serum II (T e o) is dehnitely stronger than 
serum I 1 (Te) for the original culture Te (say 16 per cent) it was 
perceptibly weaker in its action on culture Te 9 (say 7 per cent ) 

In view of the foregoing considerations it would seem that by growing 
the bacillus Te in agglutinating serum one was in process of separating out 
whether by the mechanical action of clamping and sedimentation alone oi 
by this combined with an influence favourable to the preferential multipUca 
tion of the less agglutmafde inembers of the population a dys agglutinable 
form of tlie bacillus and tliat incidentally one also isolated a particular!} 
highly agglutinable form 1 e 9 

In this latter culture dys agglutinable elements were much less well 
lepreseuted than in the original Te fiom which both had been derived as 
shown by its feeble antigenic action m relation to culture T e 6 when need 
for the production of agglutinating serum But that th4y were by no means 
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absent is leadered probable by an interesting observation which now requires 
mention namely that in the numerous agglutmatiou tests made with T e 9 
culture a faint haze of unagglutinated bacilli alwajs remained in the super 
natant fluid of tubes that would otheiwise have been recorded as exhibiting 
total agglutination owing to the complete deposition of the large fluffy 
flocculi of agglutinated bacilli 

It IS of interest to note that even at this comparatively early stage ot 
diflerentiation both serum 11 (1 e 5) and serum III (Te 9) act moie strongly 
on then own homologous culture than upon the standaid culture T 36 
though this derived itself (at a much earlier date) fiom the same original 
80111 ce as culture Te 

lurther investigation of the facts observed was attempted by making a 
similar experiment in duplicate (in 1 to 3 dilution of serum bouillon) and 
endeavounng to lead cultures of the bacillus along two diverging paths by 
medcing each subcultuie in one series of tubes from the tip of the fluid m 
the piecoding culture and in the fther series making each subculture from 
the deposit of agglutinated lacilli at the fo t of the preceding tube 
Ihe experiment was earned on in both diiections through nine successive 
subcultures (18 days) in soiutii bouillon Cultures in otdinary bouillon 
were made from both senes at each 8taj,e and formohsed after 24 hours 
incubation in the hope of obtaining in the one senes an increasingly dys 
agglutmable culture and in the other one increasingly hyper agglutinable 
But the experiment failed in this respect owing to the fact (which it revealed) 
that not only did the supei natant fluid of these serum bouillon cultures often 
contain a good many microscopic clumps ot agglutinated bacilli but also the 
ileposit held many unagglutinated (dys agglutinable) bacilli iii the interstices 
of the flocculent mass Thus the results yielded cultures no moie advanced 
m the desired directions respectively than T e 5 and 1 e 9 
The question of how fai the effect of growth in agglutinating serum might 
consist in the mere mechanical separation of pre existing agglutinable and 
dys agglutinable elements in a given culture was next considered It was 
found that it is sometimes possible to obtain a dys agglutinable non motile 
culture of B typhosus at the first attempt by simply putting up with due 
precautions, a 1 in 10 agglutination test with living culture Te in a plugged 
sterile centrifuge tube incubating at 37° C until agglutmatiou was well 
advanced and then centrifiigalismg down the agglutinated bacteria and 
making a culture or plating from the supernatant fluid 

1? rom this it follows that at any rate in a considerable number of oases 
there must be numerous dys agglutinable individuals present in an ordinary 
bouillon culture of B typhosus 
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Moreover when this method fails to give a dys agglutmable bacillus as 
may occur either because dys-agglutinable individuals are relatively few in 
numbei in the original cultuie (or possibly absent), oi because they rapidly 
revert on cultivation in bouillon success may otteu be obtained by combining 
the method of successive cultures in serum bouillon with severe centnfugaU 
sation of each culture to deposit all clumps before proceeding to the next sub- 
oultivation 

In another experiment the bacillus Te was grown in media containing 
agglutinating serum for a period of four months The successive subcultures 
were made at first every second day, then once a week and latei still at 
intervals of two or thiee weeks At the end of this peiiod a subculture was 
made in ordinary bouillon On microscopical examination, ifter 24 hours’ 
incubation the bacilli were quite non motih Many fields were examined and 
no motile individual seen From this bouillon culture (A) platings were 
made on a set of agar plates (vule infra) and a flask containing a litre of 
bouillon was inoculated and incubated for 24 hours The resulting growth 
(T dys ) consisted entirely of non motile bacilli so lar as could be seen, qnd 
after formolisation and dilution to standard opacity it was found to be veiy 
highly dys agglutmable It showed characteis similar to those described by 
Gardner and myselt {loc cU (4)) iii our so called ‘ inagglutmable cultures, 
and gave no ag'/lutinahon whatever with 100 unit standard seium even in 
1 in 25 dilution aftei 2 hours m the water-bath 

It a,lao failed to absorb any appreciable quantity of agglutinins from standard 
serum Thus two portions of a particular standard typhoid serum wore taken 
and diluted 1 in 10 the one (a) with standaidised agglutmable culture T 36 
the other (5) with the formolised culture T dja The tubes were kept m the 
water bath at 54°-56'' C foi 4 hours and subsequently at the room 
temperature for 24 hours In tube (a), T 36 was totally agglutinated When 
hrst examined at the end of 2 hours In tube (b) T dys showed no agglu- 
tination after 2 hours, but a trace (tr) at the end of the 4 hours m tfie water- 
bath, and 24 hours later it showed a weak standard (s— ) agglutination 

Both tubes were then oentrifugahsed, and the supernatant fluid removed 
and denoted serum (a) and seium (6) respectively, and tested along with the 
original standard serum on culture T 36 with the results shown m detail in 
Table II 

The sample of serum absorbed with T 3fa is seen to have been reduced to 
something between one fourth and one fifth of its original agglutinating 
power for T 36, whereas that absorbed with T dys shows no measurable 
loss at all of agglutinins for T 36, but on the contrary the appearance of a 
sliyAt increase That is to say T dys yvas not only highly dys-agglutinable, 
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but it was also incapable of absorbing appreciably ordinary typhoid 
agglutinins. 

Table 11. 



Standard Mratn lOO-unit itaodardiied terum (Dreyer) 
S«rum (a)— Standard jerum abaorbed with T 86 
S«rum (4) — „ ,. „ T dyt 


It is important to add that T dys. was subsequently brought back to the 
ea-8^lutiuatmg phase. After a long residence in bouillon with numerous 
subcultures its lineal descendants were found to have reverted to the motile 
phase, and gave good a^lutinatiou with standard typhoid serum. A very 
similar result was subsequently obtained with a highly dys-agglutinable 
culture of B paratyphosua B. 

It w clear that observations of this character must profoundly modify our views 
regarding the meaning and importance of serological differences, and the results 
obtained by absorption methods, particulaily when such differences are only 
quantitative and not qualitative. They suggest that “ serological strains ” of 
bacteria, even when appaiently permanent, may represent no more than 
particular phases of activity of tlie bacterial type concerned. As to how such 
phasic differences may anse we have at present little evidence. How they 
are maintained for long periods through successive generations is a problem 
that urgently demands investigation. But it must certainly be admitted as 
conceivable that changes which can be induced in test-tube experiments, may 
on occasion also be produced in the body of an infected mdividual. If growth 
in the presence of agglutinating serum under labor atory conditions can lead to 
serological changes in one or othsr direction, it must be accepted as possible that in 
the living hnly the agglutinin-containing fluids and agglutinin-producing tissues 
of the animal may also under suitable conditions exert similar influences. In 
this oonueotion the occasional isolation of “ inagglutinable ” typhoid bacilli 
from cases of typhoid fever, and the seroli^ical diversity of the strains of 
dysentery (Flexner) isolated during recent epidemics of dysentery afford 
suggestive evidence. 
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The bouillon culture (A) of which T. dys was an immediate subculture had 
been plated out on a^ar as already mentioned. From these plates 20 colonies 
were picked off into bouillon on each of the succeeding 3 days They were 
incubated for 24 hours, and then examined for motility and fonnolised for 
agglutination tests All these 60 cultures were highly dys-agglutinable, and 
they were all non-motile, with the exception of one out of the third set of 20. 
This culture which, it will be noted, had grown for .5 days on serum-free 
media and had been three times subcultivated (once on agar and twice in 
bouillon), Aad begun to revert, &uA showed a certain proportion (possibly as high 
as 20 per cent ) of motile individuals among the mass of non-motile elements 
It is interesting to observe that this proportion of motile elements was not 
sufficient to render the culture eu-agglutinable 

So far, then, as the evidence from the bouillon subcultures of sixty 
colonies goes, the original T. dys. culture consisted entiiely of non-niotile 
bacilli 

It 18 not necessary on the present occasion to go into much detail m 
describing results which showed ihereose oj aggluhnability and the occurrence 
of hypei'-aggluhnaUe foTnne. 

The culture Te. 9 exhibited a degree of hypor-aggliitmability It was 
about two and a half times as agglutmable by standard serum as T e. or T 36 
Furthermore, the cultuie T 36, with which it was comparod, was itself a 
highly agglutmable cultuie. It had an index of 7, that is to .say, it was 
nearly three times as agglutmable as the original standard agglutmable culture 
on which Dieyer’s unit was chosen, whose index was 2 If, as 1 suggest, 
this original standard be taken as the mean standard of eu-agglutinability, 
the culture Te 9 was seven times as agglutmable as that standard, and may 
be regarded as distinctly hyper-agglutinable In further exjienments, a 
still highly hyper-agglutinable culture (about twice as agglutmable as 
T.e 9) was readily obtained by growing the bacillus in serum bouillon, 
centrifugalising out the flocculent clumps at an early stage, and making the 
succeeding serum bouillon culture fiom the deposit, and so on, instead of 
working from the supernatant fluid, as in the pursuit of dys-agglutinable 
forms. 

Similarly, starting from a dys-aggluti liable culture, one can frequently- 
restore it to eu-agglutinability by the same procedure. Needless to say, all 
these operations demand rigorous precautions against accidental contamina- 
tion of the cultures. The method has a practical application which deserves 
mention. 

Strains are sometimes met with in the case of B. typhosus (and the same is 
true of a number of other baoteritf)i which are * bad agglutinaton." Or it 
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may be that a Btrain whicb for a period (possibly for years) has yielded 
excellent eu-agglutinable cultures, begins, for totally unknown reasons, ’tK) 
give bad agglutinators Sometimes these “ bad ’ cultures are really more or 
less dys-agglutmable They probably contain a fairly large proportion of 
dys^glutinable individuals, so that, in a senes of (^;glutlnatlon tubes, a 
haze of opacity remains in those which should show total agglutination, and 
the senes tails off m a successibn of “ traces ‘ instead of ending sharply 
Such a culture cannot be used for standardisation At other times they are 
self-agglomerated (self-agglutinated, auto-agglutmated) growths, which may 
refuse to shake up into uniform suspensions These difficulties can usually 
be overcome by repeated daily subculture in bouillon for 14 days or more, as 
recommended by Dreyer But that plan does not always succeed In such 
cases a eu-agglutinable culture can often be obtained without much diffi- 
culty by the methods already described, working from the deposits if the 
culture was dys-agglutmable, or from the supernatant Hmds if it was in a 
self-agglomerating phase In confirmation, it may be stated that Dr A D 
Gardner, to whom I communicated the method informs me that on one 
occasion it enabled him to obtain a good agglutmator from an otherwise 
mtractable culture A similar separation can also aometinm be obtained by 
mere plating and selection of colonies 

B paratyphosus A , B paratyphosm B B oeitiijcheB , B entmtxdis (Gaertner), 
B eoh, B dynenttrue (Shiga), B dysintei'ue (Flexner), V, W, X Y, Z, 
Vib cJioIl) a 

All these organisms were tried dunng the summer and autumn of 
1920, at the same time as the earlier expenments with B typhogus, 
by the method of successive subcultures in diluted agglutinating serums. 
A dys-agglutmable culture of B paralyphoma A was readily obtained , one 
of B paraiyphoms B, with greater difficulty, owing chiefly to a strong 
tendency to revert when brought mto ordinary bouillon culture B colt 
also yielded a dys-agglutmable non-motile phase B asrtrycke and B enUrt~ 
itdta (Gaertner), were found very difficult to manage 

On one occasion only, m each case, was a non*motile dys-agglutmable 
bouillon culture obtained m a test-tube. Massive subculture m flask 
seemed to lead to immediate reversion to the motile eu-agglutmable phase, 
and some of the oultui«s were hyper-agglutmeble as compared with standard 
cultures when tested with standard serum. In another attempt, made with 
the same stram of B ententuht (Gaertner), during 6 weeks of this year 
(1921), though non-motile or largely non-motile ooloniee were several tunes 
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obtained on agar plates from serum bouillon cultures, transference to bouillon 
invariably led to immediate reversion. 

Vib. choleroB. — ITo dys-a^utinable phase has been obtained at present in 
this vibrio. 

All the foregoing organisms show a tendency to the formation of a peUvde 
in serum-bouillon culture. B. typhosus, occasionally only and very delicate ; 
B. * paratyphosus A and B, and B. coli, fairly often and well-marked ; 
Vih. choleras, frequently ; B. certrycke and B. eiUentidis (Gaertner), very 
frequent and very heavy, often appearing to contain as much growth in the 
pellicle as in the deposit at the foot of the tube after 48 hours. These state- 
ments apply to cultures made in narrow agglutination tubes. 

B. dysentena: (Shiga) yielded a dys-^lutinable culture after eleven 
passages in serum-bouillon of 1 in 4 dilution. 

B. dysenterice (Flexner), V, W, X, Y, Z. — These five strains of Flexner 
dysentery gave interesting results after six passages through 1 in 4 bouillon 
dilutions of their appropnate serums. Bouillon cultures were made in flasks 
from the sixth passages, and subsequently fonnolised and diluted to standard 
opacity. V, W, and Z cultures. were dys-agglutinable , X was not perceptibly 
altered; and the Y culture possessed markedly increased agglutinability, 
being four times as agglutinable as the standard culture against which it was 
tested. Of the three dys-agglutinable cultures, Z gave no agglutination at 
all in 1 in 26 standard Z serum at the end of 4 hours m the water-bath, and 
no more than a trace minus at the end of the subsequent 24 hours at room 
temperature W gave trace minus (tr —) at 1 in 26 after 4 hours, trace 
plus (tr -f- ) at 1 in 26 and trace (tr) at 1 in 60, 24 hours later. V, on the 
other hand, though giving no reading as high as tiace plus (tr -f) in 
any dilution, showed traces of agglutination in every tube up to 1 in 1000, 
thus r^hing the same actual end-point with its " traces ” as did the corre- 
sponding standard Y culture, which gave totals up to 1 in 260, standard (s) 
at 500, and trace minus (tr — ) at 1000. 

Ihe discussion of the relation of these dys-agglutinable and well-agglutin- 
able forms of bacteria to the B and S forms recently described by Arkwright 
{loc, cit.), and the description of their morphological and other characters, is 
reserved for a future occasion. 


Summary and Conclusion. 

1. Evidence has been brought forward that in the enteric and dysenteric 
gredpe of bacteria dys-agglutinable and hyper-agglutinahle forms or phasea 
ooour, and can be produced experimentally by the methods deteribed. 
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2. Both forms may be obtained from one and the same eu-agglutinable 
strain of a bacillus, and both may revert, or may be converted mutually 
the one into the other. 

3. In agglutination tests carried out in the ordinary manner, a highly 
dys-agglutmable bacillus may fail to agglutinate at all (at 1 in 25) with a 
serum that agglutinates the culture from which it was derived up to 1 m 
1000 or more. It may also entirely fail to absorb from the serum any appPe- 
ciable quantity of the agglutinins specific to that culture. 

4. The.9e results appear to necessitate a considerable modification of current- 
theones regarding the value of absorption tests as a means of determining 
bacterial affinities, but may help to throw some light on the difficult problefn 
of “serological strains.” They show how necessary it is to reserve one’s 
judgment, where conclusions are drawn regarding true differences of bacterial 
type, in cases where the differentiation rests solely on agglutination and 
absorption tests ; since differences of such remarkable degree are shown to 
exist between different individuals among the population of a single culture 

I desire to express my indebtedness to Dr A. D Gardner, who kindly 
made independent readings of a number of my agglutination tests, and to 
Miss Edith F Stubmgton for frequent and willing help iti many of the more 
laborious experiments 
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The Titration Curve of GelaHne. — Report to the Medical Research 
Council. 

By Dorothy Jordan Lloyd, Biochemical Laboiatory, Cambridge, and 
Charles Mayes, Physical Laboratory, Eton College 

(Communicated by Prof F. Q Hopkins, F.RS. Received September 26, 1921.) 

I. iNTRODUCriON 

During the course of some work on the swelling of gelatine gels in acid 
and alkaline solutions, it became increasingly evident that no fully satis- 
factory theory of swelling could be postulated until further information had 
been obtained as to the quantitative relations, both general and particular, 
holding between the gelatine base and its combined acid in acid systems, 
and between the gelatine acid and its combined base in alkaline ones 
respectively. The work described in the following paper is an attempt to 
study the problem in its simplest form ; namely, m a fluid system in which 
all the components are in solution Hydrochloric acid and sodium hydroxide 
were chosen as the acid and base to use in the investigation, since both form 
highly ionised solutions m water, and since none of the ions resulting carry 
more than a single charge, thus simplifying any considerations deduced 
from the law of mass action. It is still an open question how far the law 
of mass action can be applied to colloidal solutions. It has been shown 
by Procter (20), Procter and Wilson (21), Wiutgen and Kruger (27), that 
the quantitative relations found by them to exist in the combination of 
hydroohlono acid with gelatine, under the conditions of their experiments, 
fell within the general statement of the law, such combination being 
regarded as a simple case of salt formation. 

Procter considered that bis results were explicable on two hypotheses : — 

(1) That gelatine had a molecular weight of 839, and combined with 
one molecule of hydrochloric acid to form gelatine hydiochloride ; or 

(2) That if gelatine had a larger molecular weight, some multiple of 839, 
say 839a;, then the gelatine molecule combined with x molecules of hydro- 
chloric acid and the ionisation constants of the x hydroxyl groups involved 
must be the same. The second hypothesis he rejected as improbable. 

We still consider that the molecular weight of gelatine must be greater 
than Procter has allowed ^ and we do not regard it as improbable that a 
number of the hydroxyl ions of the gelatine may have approximately equal 
ionisation constants. Our experimental results suggest that, up to a given 
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conoentra^-ion of hydrogen ions, a group of hydroxyl lona having approximately 
equal lomsatiou constants is in\olved, beyond this concentration, and up 
to a second fixed value, a second group approximating to a second constant 
IS involved , and beyond this again theie is slight evidence of a third group 
The factors required in order to bring the second and possible third groups 
mto conformity with the generalised statement of the law of mass action 
are not yet fully known 


II Material and Mkihod 

The gelatine used in this investigation was Coignet’s Gold Label gelatme, 
purchased in 1914 It was purified by prolonged dialysis in dilute hydro- 
chloric acid at a reaction of Cu = 10"« • and subsequent precipitation in 
strong alcohol Details of the purification are given elsewliere (Jordan 
Lloyd, 7) It was dried with absolute alcohol and ether, and kept in a 
desiccator over pure sulphuric acid (It is possible to cause the gelatme 
to lose more water by heating to 100° over phosphorus pentoxide tn vacuo} 
When dried with absolute alcohol it is a white brittle substance fibrous 
m appearance, and containing 0 00 to 0 06 per cent of ash It forms clear 
solutions in water, which set to opaque white gels on cooling The clear 
solutions set to colourless, glassy, transpaient gels in the presence of free 
acid or base The solution leferred to below as 1 per cent gelatme contams 
1 grm of this purified dry gelatme m 100 cc of freshly-boiled distilled 
water at room temperature 

The object of our experiments was to determine the amount of hydro- 
chloric acid or sodium hydroxide which would combine with a constant 
weight of gelatine, and the method employed throughout was the electrical 
measurement ol the concentration of the free hydrogen ions in solutions 
contammg 1 per cent of gelatme and known concentiations of hydrochloric 
acid or sodium hydroxide The change of hydrogen ion concentration from 
that of an equally concentrated system containing no gelatine, is a measure 
of the acid (or base) which has combined with the gelatme The routine 
method employed was to take 5 cc of a fieshly made solution of 2 per cent 
gelatine which had cooled but not yet set, the requisite amount of acid 
(or base) was added from a pipette calibrated to 0 01 c o , and sufficient freshly- 
boiled distilled water to make the final volume 10 o.o The reaction was takes 
at once by means of a gas chain A Tinsley potentiometer was used 

The electrodes used were of a very simple modified Barendrecht type, and 
were made for us by Mr AW HaU, of the Biochemical Laboratory Theu 
great advantage is the ease with which they are cleaned, a matter of greak 
importance, as we found it essential to clean and re coat the electrodes after 
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every reading A dia^am of the electrodes is given below (fig. 1), and is 
self-explanatory. 


ground 
g/os-r joints 


p/atmum fb// 

coated \^ith 

ptat/num b/ack 




F.c I 


The platinum foil was coated very thinly with platinum black accoiding 
to the directions of Michaelis (16). Only sufficient platinum was deposited 
to hide the glint of the foil. With such electrodes it was possible to take 
readings immediately contact had been made with the expenmental fluid 
This 18 an essential condition for accuracy With a slow electrode and a 
delayed reading, values tend to be very irregular This is particularly 
marked in alkaline solutions. The experimental fluid was placed in sihca 
cups into which the electrodes dipped Contact was made by moans of a 
sliding joint The solutions had a strong tendency to froth near the iso- 
eleotnc point All experimental readings were taken at 20® C 


III. Expkiumental Kbsults. 

(a) The Oelatine~nydrochloric Actd Curve 
If N represents the normality of a solution of hydrochloric acid and a its 
degree of ionisation, the concentration of the hydrogen ion present may i»e 
represented as N« on the normality scale, or —log N« on the logarithmic scale. 
If 1 per cent of gelatine be introduced into such a system, the reaction (Pn) 
18 no longer given by the expression — logNa, but by some lower value. 
This can be determined by the hydrogen electrode. 

The following experimental values were obtained for the variation of 
reaction (Ph) with total acid-content (N), gelatine concentration being kept 
constant at 1 per cent, temperature at 20® C. The constants used in calcula- 
ting the reaction (Ph) from the observed electromotive force (E) are taken 
from Michaelis’ ' Wasserstofifionen KonBentration ’ (16) The values for the 
concentration of the hydrogen ion are given on both the lfl|;arithmio scale 
Ph, and in terms of normality^ [H]. From the values of [H] it is possible to 
calculate the concentration of un-ionfsed free hydroobhfrlc acid present in the 
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system If this is represented as [HCl], and a. is th6 degree of ionisation of 
the acid, then 

[HCl] = [H]/«-[H]. (1) 

The values of at are taken from I..ewi3’8 ‘Text-book of Phjsical Chemistry' 
(3id edition). Using Blaael and Matnla’s formula (1), if n' represents the 
concentration of acid removed from independent solution by the gelatine, then 
m' = N-[H]/«, or n' = N-([H]-|-[HC1]) (2) 

Equation (2) only holds if the value of « in (1) is the same both in the 
presence and absence oi dissolved gelatine. In Table I, Column I gives the 
concentration ol acid used, Column II the corresponding values of at, and 
Column III the values of —log N«. Column IV gives the eloctiode 
reading in imllivoUs, and V the value of Pji calculated from the forniuk 
Pii = (E-248-8)/58 1 

Columns VI and VII give [H] and n' respectively. 

The two curves — logNai N and PniN from the values given in Table I 
are shown in dg. 2, and are designated us A and B lespectively. 
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Biifler curve of gelatine in sodium hydroxide 

Blaeel and Matula, in calculating the hydiochloncacid fued by gelatine, 
as «.' = N — [H]/«, assume that the value fur « is the same when [H] = [Cl] 
as when [H] ^ [CIJ, provided that the values for [H] are equal This, 
however, is not true. A closer approximation is obtained by taking the 
square root of the product of [H] and [Cl] ns the basis of the calculation. 
The value for [H] is obtained experimentally from hydrogen-electrode 
readings. The value for [Cl] is obtained by assuming that the gelatine 
chloride is completely ionised, and that therefore, [Cl] = [H] + This 
assumption is also made by Procter and Wilson (21), though Bugarsky and 
Liobermann’s experimental figures on the concentration of the chlorine ions 
do not support it (3). The amount of un-ionised acid [HCl] depends, 
therefore, not upon [H] but on [H]e„„,, where 

[H]eor, = ^([H]X[C1]), 

and a new value for the acid fixed, say N', follows os before. This is given in 
Column yill and is shown plotted in fig. 4. [In thb values for n' calculated 
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from Blasel and Matula's formula it is assumed that the gelatine hydro- 
chloride contributes no chlorine ions to the system , in those for N' it is 
assumed that the gelatine hydrochloride contributes all its chlorine as free 
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chlorine ions to the system. The two cuives, and there- 

fore form the limits within which the actual cuive must he. In hydrochloric 
acid of concentrations less than 0 02 grm of free hydrogen ion per litre the 
difference lietweeii the two limiting curves is negligible.] It can be seen 
that the curve is not a simple smooth curve, hut that it consists of two, and 
possibly three, distinct I’egions. The deductions from this will be considered 
after the gelatine-sodiuin hjdroxide curves have been described. 

(b) The Odatxne — Sodtitm Hydroxide System. 

Let N represent the normality of the caustic soda and a. its degree of 
ionisation at 20° C., then — logN* equals the hydroxyl ion concentration of 
the system and 14T3— (— logN «) is the hydrogen ion concentration. 
Values for » are given by Kohlrausch (9), Noyes (18) and Jones (6). 
Unfortunately they differ considerably. The values given by Noyes were 
taken to plot the (broken) curve 1413 -j-log N « in fig. 3 (marked C in the 
margm). Noyes’ values only go to a concentration 0 05 N. The curve was 
extended beyond this region by taking Jones’s figures for « and adding to 
them the difference between bis figures and Noyes’, which may be taken as 
0’06 if ct is expressed as fractions of unity. N, « and 1413-l-log Nat are 
shown in the first three columns of Table IL The fourth column gives 
the readings obtained for £, the electro-motive force at the surface of the 
hydrogen electrode in a 1 00 per cent.' solution of gelatine. The fifth column, 
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which J8 8ub-divided, gives values for Pn calculated from E, and read from 
the smoothed curve N : Pu (marked 1) in fig 3) The sixth column gives 
[OH] the concentration of hydroxyl ions on the normality scale, and the 
final column gives n', which is equated to N — [OH]/a, and is the first 
calculation for the amount of base “ faxed ’’ by the gelatine. 

In taking the “ acid-fixed ” values, the calculations in Table I were made 
directly from the experimental readings of E These he so very closely to a 
smooth curve that it is safe to assume that the experimental error is slight 
In the case of the values of E m alkaline solution, the error is obviously 
very much greater Chemical destruction of the gelatine by hydroxyl in the 
presence of spongy platinum is probably the cause, and hydrolysis has also 
been shown to have a slight effect on the reading For this reason, an 
arbitrary smooth cuive (Pn-N or D m fig 3) was drawn through the 
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expenmental points.and the calculations of n' have been made from Ph readings 
taken from this smooth curve and not from the P]| readings given" m 
Table II Taking into consideration the pool quality of our experimental 
determinations of E in alkaline solutions, and the lack ut agreement as to the 
values of x for caustic soda, it has not been considered worth while to correct 
the values of n obtained by the Blasel and Matula formula Fig 6 shows n 
plotted against [OH] and will be relerred to later in Section IV (6) 


IV The CalouIiAtion of thf Ionisation Constants ot Gklahne 


(a) TAe Value of 

The combination of gelatme with hydrochloric acid between 0 00 and 
0 26 N concentration of acid may be represented as a cui\e with three 
sections 

Assuming for the moment that gelatine in liydrochloiic acid solution 
behaves as i monacidic base from 0 00 to 0 04 N HCl, and combines with 
the acid to form an lunisablo salt (see Intioductioii) the s}steni may be 
represented as follows — 

Let [G(H)OH] lepreseut the un-iomsed gelatine base, and [GH'J and 
[OH'] the two ions of the ionised base , and assume that the salt GHCl is 
completdy ionised now by the law of mass action for a weak base, 



. ^ where Ki = the hydiolysis constant of the base 

Let 0 = the equivalent concentration of the gelatine 
Then [GH ] + [G(H)OH] = C, 

m = _iL_ (0) 

C H + Ki ^ 

,r LGH] _ H 

[GH J + [G(H)OH] H + Ki 


Now, in equation (1) [GH'] is equal to N' and is known, H is known, and 
therefore there are two unknown quantities C and Ki If Procters (20) 
value of 839 be taken as the reacting weight of gelatine, C = 0 012 
Wilson’s (26) latei value of 768 makes C equal to 0 011 Wintgeu and 
Kruger (27), using the catalysis of methyl acetate as a measure of the 
concentration of the hydrogen ion, obtam a molecular weight of 839 for 
gelatine, while, calculating from the experimental results of Paiih and 
Hirschfeldt, they obtain the value 881 4 They give 2 7 x lO”" as a vaiue for 
Kt at 25^’ C In the calculations given below, G is taken as 0 0120 
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Substituting for N', H, Q(H)OH m equation (1), we get the following values 
for K, 



[H] 

CO{H)OH] 

K, 

0-00679 

0 00816 

0 00621 ' 

0 00242 

1 0 -00812 1 

0 00880 

0-008S8 

0-00184 

1 0 00898 

0 00490 

1 0-00302 

0 00165 

1 0 00989 

0 00644 

0-00261 

0-00180 


Ki may therefore be approximated to 0 0018, 

A comparison of this value with Procter’s value of 5‘2xl0“‘* shows that 
they are both of the same order. Tt is a workable hypothesis to suppose 
that gelatine in the presence of hydrochloric acid, the concentration of 
which lies between 0 00 and 0 04 N, behaves according to the law of mass 
notion, like a weak base with a reacting weight of 839 and ionisation constant 
of 48x10'*^ each reacting mass combining with one equivalent of acid 
■Since we do not consider, on the chemical evidence at present available, that 
the molecular weight of gelatine can be less than 10,000, then it follows that, 
in its first stage of combination with hydrochloric acid, the gelatine molecule 
has available thiiteen points of attachment for acid, all with a chemical 
potential very close to 0 48x10”'* Procter has considered this possibility, 
and rejects it as improbable, but, if we consider that the acid is attached to 
the free — NHa groups of the lysin and argmin, and possibly some other 
di-amiuo-acid, then it does not seem so improbable that the ionisation 
constants of these basic groupings might bg of the same order Kanitz (8) 
gives the following values for histidin, argmin and lysin — 



Fint ionitation 
conifaiDt. 

Second ionisation 
conatant 

Hutidia ... 

6 7 * 10-* 


6 -0 X lO-w 1 

Arguun , . 1 

1 0 X 10-7 


8-2xl0-'‘ 

L^ein 

1 0x10-7 


1-lxlO-'* 1 


lliese values are for the amino-aotds in the free state. With arginin and 
lysin the first and second ionisation constants are of the same order of 
magnitude, hence it might be expected that even when bound by one amino- 
group into the protein njoleoule, the free amino-groups of both acids would 
have ionisation constants of the same order of magnitndei Evidence for the 
binding of the acid at these groups is ^ven below. 
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The curve given by equation (3), ie, j +^ " 001 8 ^ curve m 

which GH' increases with [H] and only attains a maximum at infinite concen- 
tration of [H], If we assume an error of 1 in 1000, [H] may be regarded as at 
infinite concentration when [H] = 0 01 N The experimental curve, however, 
continues to rise very rapidly at still higher concentrations of acid. In his 
earlier papers Procter considers this difliculty and supposes that a second 
ionisation constant of a lower value also exists. But equations of the foim 

y = - + -^ wheie n and 6 are constants, give when plotted for x and y, a 

x+a x+b .or 

curve which rises lapidly at first and later more slowly, and it proved 
impossible to fit such a curve to the observations on fig. 4 These seem to 
indicate a maximum about N' = O'Ol, then a gradual rise to a possible 
maximum about N' = 0'02 followed by yet another increase in N' The 
observations for the latter part of the curve, however, are too uncertain tO' 
justify any definite conclusions 


(b) Calculation of K« 

If J 18 the iso-electnc point of on amphoteric electrolyte, Ko and K», its 
ionisation constants, 

II, en 


Ku, at 20° C = 0 86 X 10“*^ Kj for gelatine at 20® C = 4 8 x 10““ 
J = 10-« ® (17), 

w hence Ko should equal 3 6 x 10“’. 

Now for a weak acid G (OH) H, we have 


[H1xrG(OH)'1 

[G(OH)H] 


Ka 


If [(ji(OH)'] ik put equal to n', and C is put equal to [G(OH)']-f [G(OH)H], 
? . , to the initial concentration of the gelatine, then 


K„ _K« 
[H] K«. • 


[OH]. 


But if 839 18 taken as the reacting weight of gelatine, then C = 0012, 
hence n' should be less than 0012 But n' is already greater than 0 012 in 
0 020 N sodium hydroxide and as N increases, n' increases, with an ever- 
increasing rapidity. Hence C cannot be taken as 0 012, but must be con- 
siderably greater That is, the reacting weight in alkaline solution must be 
less than in acid solution, and hence different linkages must be involv^. 



The litratton Curve of Gelatine. 


81 


If 


or [OH]/Ks, where Kj 


C 

K„/K. 


! 0 86 X 10-^*/S 5 X 10-» = 2 6 X lO”* 


Then C = (K* + [OH])n7[OH], and when we substitute the above value for 
Kj we see that n' should be nearly equal to C at extremely small concen- 
trations of hydioxyl ion and should then remain appreciably constant This 
is not the case in fig. 5 , here n appears to rise abruptly to about 0 005 and 
there seeks a maximum only to commence rising again to give a very steep 
curve 

Hence it is obvious that in alkaline solution gelatine does not behave simply 
as a weak acid dissociating in accordance with the law of mass action It is 
possible that this abrupt rise accompanies some stiuctural change of the 
protein molecule such as Dakin had shown to occur in strong alkaline 
solution (4) It must always be borne in mind that the hydrolysis of the 
— C(OH)’N — groupings with the formation of free carboxylic and amino-groups 
occurs very rapidly in alkaline solution as measured by formaldehyde titration. 
Now the hydrolytic breakdown of the gelatine is not accompanied by a greatly 
increased basic binding power m the system, for a 1 jier cent solution of 
gelatine in sodium hydroxide having a reaction of Ph = 12'97 was found after 
3 hours at 100’’ C. to have changed to a reaction of 12 91. Further standing 
for 48 hours at room temperature was accompanied by a change of reaction to 
12‘90 This change in reaction corresponds to an increased combination of 
gelatine and base to the extent of only 0 011 equivalents of sodium hydroxide 
to 10 grms of gelatine. 


V. Mschanism ov Fixation of the Hyurochlokic Acid. 

The. most obvious points of attachment for acids in the gelatine molecule 
are the free amino-groups, and if hydrochloric acid forms salts with gelatine 
by addition of these groups, the salts should be regarded as hydrochlorides. 
Gelatine contains 18*0 per cent, of nitrogen in its total dry weight. Accord- 
ing to Van Slyke and Birchard (26) 3 16 per cent, of this 18 per cent, (equal 
to half the lysin) can be removed as nitrogen gas by the action of nitrous 
acid, and can therefore be regarded as existing in the molecule in the form of 
free amino-groups. If these groups are the only ones in the molecule which 
can bind hydrochlorio acid, then the maximum combining power of 10 grains of 
gelatine should be 0-0039 equivalents. Kossel and Cameron (11) and Kossel 
and Kellaway (12) have also brought forward evidence to show that proteins 
such as clupein and salmin, which contain no lysin, but Which contain arginin, 
have a free amipo-group in the guanidin nucleus of the arginin they eontain. 
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This group does not give off nitrogen gas under the action of nitious acid 
(Van Slyke, 23) Kossel (10) states that the acid binding power of salum is 
exactly that of its guamdin gioups, and Kossel and Cameion (11) also 
consider that the fiee ammo-groups of clupein must be those of its guamdin 
groups Bracewell (2) considers that m all proteins the mechanism of acid 
fixation IS by means of free ammo groups, and that in proteins such as 
gelatine, which contain both lysm and argmin, the acid-binding power should 
be given by the sum of half the lysm nitrogen plus one-quarter of the 
argmin nitrogen each nitrogen atom binding one equivalent of acid From 
this he calculates that since lysm contains 6 32 per cent of the total nitrogen, 
and argmin 14 70 the maximum binding powei of gelatine for acids should 
be 0 00085 eqmvalents per gramme, 0 0086 equivalents for 10 grm By a 
titnmetric method he finds that 1 grm of undissolved gelatine powder can 
remove 0 00070 equivalents of acid from a supernatant solution 

By the method which we have employed m this work the acid binding power 
of gelatine, calculated on its lysm and argmin content (which we find equal to 

0 0086 equivalents for 10 gim of gelatine), lies not at the true maximum of 
the N' [H] curve (fig 4) but close to the first apparent maximum It is 
possible then, that in solutions of hydrochloric acid loss than 0 02 N gelatine 
bmds hydrochloric acid by means of its free ammo groups, and that it is the 
average ionisation constants of these basic groups that is given by the value 
48xl0~‘* But witii increasing concentration of acid, more acid is bound 
than can be accounted for on this hypothesis, and it is therefore necessary to 
consider what part the immo nitrogen of the peptide linkage ( — COHN — ) 
could play Kobertson (22) states that the acid bmdmg power of proteins is 
not much increased by hydrolysis, and we have found that the reaction of a 

1 per cent solution of gelatine which was found to be Ph = 1 13 had only 
changed to Pu = 1 12 after 7 hours at 100° 0 This change is of the same 
order as the experimental error of the method nevertheless hydrolysis of the 
gelatine bad occurred during the heating m the strong acid solution, as was 
shown by the fact that the gelling power had been destroyed It seems, 
therefore, that the peptide linkage can function as an acid-bmdmg group 

Calculating ogam from Van Slyke’s figures, if every ammo-nitrogen atom 
of the free ammo-aoids of gelatme (t « , the ammo-nitrogen from lysm and 
argmin + the immo-nitiogen from the peptide Imkages) can act as a point for 
the fixation of an equivalent of acid, then 10 grm of gelatme should be able 
to combme with 0 092 equivalents of hydrochloric acid If only the di-ammo 
acids (argmin and lysm, together with histidm) can do so, then the maximum 
value for aoid fixed in a 1 per cent, solution of gelatme would be 0 020 eqm* 
valenta It can be seen from fig 3 that the value 0 020 for N-^ corresponds to 
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the maximum level of the second branch of the curve The curve, ho'wever, 
continues to rise to a height of 0*030, though later it falls again. The experi- 
mental error m determining Pu becomes enormously magnified on the third 
limb of the [H] N curve, and therefore too much stress cannot be laid on its 
smoothed form. However, it seems clear that some of the — COHN — groups 
can act as basic groups combining with acids. What r6le, if any, other groups 
(such as the hydroxyl groups of the hydroxy-acids) in the molecule play in 
acid fixation is still unknown. It will be necessary to follow experimentally 
the fate of the chlorine ion before final decisions are possible. At present 
our calculations of N' involve the assumption that the gelatine hydrochlorides 
are present as completely ionised salts, an assumption that is liable to lead 
to an mcreasmg error with increasing values of [H]. 

The Mechamsm for the Fixation of Sodium Hydroxide. 

The theory that proteins fix bases by means of their free carboxyl groups 
has given way on the accumulation of evidence that there are not enough 
of the latter to explain the quantitative relations 
Brailsford Robertson (p 236) suggests that the enolic imino-linkages 
— C * N— 

I , are responsible and “ that the neutralisation of bases by the 

OH 

proteins is accomplished, at any rate for the greater part, by the dicarboxyhc 
radicles which they contain.” He gives the formula for potassium protein 
compounds as 


OK H OH 



According to the most recent analysis of gelatine (Jjakin, 1920), the only 
di-carboxy acids present are aspartic acid (3*4 per cent ) and glutamic acid 
(6*8 per cent.). Calculating from these figures, the maximum combining 
capacity of a 1 per cent, solution of gelatme should be 0 0168 equivalents 
On examining the curve of base fixed in fig. 4, it can be seen that this 
value for n' is by no means a maximum, but that instead the curve inflects 
and rises with increasing gradient. If every — COHN — group in the 
molecule is considered capable of acting as a point of attachment for bases, 
the maximum value for »' should be 0*09 ; n' however rises considerably 
above this figure. There must therefore be other means by which the 
gelatine molecule can fix sodium' hydroxide. The possibility of linkage 
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at some of the hydioxy groups of the substituted ammo aoids senne aud 
hydroxyprohne is not to be ignored Hydrolysis of gelatine by caustic 
soda has been shown to increase shghtly its basic binding power a fact 
which suggests that not all the — COHN — linkages are as potent as base 
fixers as the free — COOH — groups Loeb (14 16) has shown tliat bases 
react with gelatine at tl e same hydroxyl ion concentrations in equivalent 
proportions • 11 is fact shows that the reaction is ionic and that the com 
pounds formed are of the nature of lonisable salts Loeb only worked with 
solutions whose alkalinity was less than Ph = 9 His experimental values 
correspond veiy closely to our values ovei the same lange 

The long slow rise of w with increasing alkalinity is very striking A 
feature in which the alkali gelatine system differs markedly from the acid 
gelatine system is illustrated by a diffeient property of the gelatine namely 
the turbidity of the (,e) S Is of 1 pei cent gelatine in distilled water set 
m a few hours to white turbid gels In the piesence of 0 001 N hydro 
chloric acid the gel is not turbid but quite clear and glassy after 24 hours 
standing at 16° C In the presence of caustic soda however the turbidity 
of the gel 24 hours old persists up to a concentration of 0 002 N soda 
Thus theie is both quantitative and qualitative evidence to show that m 
the same protein the mechanism of hxing acids is different from that of 
fixing bases 

VI Summary 

1 Hydrochloric acid combines with gelatine in solutions whose acid 
concentrations are less than 0 04 normal according to the law of mass action 
K» for gelatine is 48 x 10 “at 20° C if 839 be taken as the reacting weight 
of gelatine 

2 The theory is put forward that over this range of the curve of com 
bination of gelatme with hydrochloric acid the combination occuis at the 
free — NHs groups These groups are present m the lysin argmin and 
possibly some other of the amino acids of the gelatme The ionisation 
constants at these groups are taken as approximately equal The salts 
formed are hydrochlorides 

3 In concentrations of hydrochloric acid greater than 0 04 normal the 
proportion of acid fixed is greater than would follow from the combination 
of hydrochloric acid with a weak base with an ionisation constant of 
48x 10 “ This IS not due to the hydrolytic decomposition of the gelatine 
and release of further free — NH* groups It seems possible therefore that 
combination is also occurring at the nitrogep of the peptide linkages 

4 In dilute sodium hydroxide of a concentration less than 0 01 normal, 
the gelatine combines with the base less rapidly than would follow by a 
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oaloulation from the value for K6 and the value for the iso-electric point, 
if 839 is taken as the reacting weight. 

5. It is suggested tliat the number of positions of attaohiiiont for bases is 
not the same as the number of positions for acids, i.e , that the reacting 

weiulit = molecular weight same in acid and alkaline solution 

^ basioitj (or acidity) 

6. It has not been found possible to calculate a value foi K* . 

7. It would appear that in concenliatioiis of sodium hydioxidf about 
O'l N the structure of the molecule undergoes some change 
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The Hmnolytii At t ton of Sodium Glytot holate 
By Eric Posukk 

(Coiumumc'itotl by Sir E Shariity Schafer, F RS Received Soptcmbei 14, 1921 ) 
(iiijiii tba Depat tuient of Pbyeulogy, Uiiivcisity of Ediubiiigb ) 


hUiodutiwii 

lhi8 paper coiitainb a detailed investigation into the action of sodium 
glycooholate and into certain phenomena in which this salt plays an impor- 
tant part The presentation of this lesearch is a matter of some difficulty, 
since the observations recorded constitute merely the outlines of a very 
complex subject It has been tliought best, even at the expense of some 
lack of logical seiiuence, to present the problems moie or less in the order in 
which they presented themselves for solution, the readei being thus taken 
over the several ([uestions in the order in which they were investigated To 
avoid undue length, no detailed description of methods used is given, if such 
description is to be found in a previous paper, on the findings of which this 
work IS based (1) 

The Phijsual Condition of HohUxom of Jidi kalta 
Although there is no definite statement on the subject the general opinion 
appears to be that sodium taurocholate and sodium glycooholate foim true 
solutions 111 water If this be so, it is remaikable tliat they possess properties 
peculiar to lolloids If sodium tauiooholate be dissolved in watei, a cleai 
yellow solution results This clearness soon disappears, tlie solution beconies 
opalescent and, after about 12 hours, ijuite opaque Ihe opalescence is 
caused, presumably, by the tauiooholate passmg into a physical state other 
than that in which it was when first dissolved The opalescent solution has 
all the properties of a taurocholate solution , its heemolytic activity is as 
great <iB IS that of a clear solution of the same stiength A diCferenoe appears 
on hlteiing the opalescent solution, the hltiate has a less hsemolytio power 
than the original solution This fact, together with the opalesoence, suggests 
tliat the tauixiohoiate hds assumed a less dispersed form 

The iiioie dilute the taurocholate solution is made, the more rapidly does 
the opalescence appear , in solution m 1 per cent saline a similar oocurrenoe 
takes place, but less rapidly than in aqueous solution 
bodium glycooholate beliaves lu a similar way, but the appearance of the 
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opalesoeuoe is not so rapid. If m a 1 por cent, solution in saline, tlie 
opalescence takes days to appear. 

Both salts possess a property peculiar to colloids — they protect a gold sol 
against precipitation by electrolytes This protective jHJwer is shown in the 
following way Using a gold sol prepared by the formaldehyde method, 1 c.c 
IS precipitated by 0-1 cc of 10 percent. NaCl within 10 seconds If small 
quantities of bile salts be added, we find that precipitation is prevented. This 
protective power is apparent before the solution becomes opalescent, and 
becomes less as opalescence proceeds, attaining a minimum after about 
30 hours, The smallest quantity of taurocholate and glycocholato respec- 
tively which will protect 1 c.c. of gold sol against 0‘1 c.c 10 per cent NaCl is 
shown in the following Tables, the solutions being kept at 18° C. — 

Table I 


Houra after 
preparation 


Smallest protectioK quantity 


Taurouholate 
(1 lu 1000) 


Olycocholate 
(1 in 1000) 


1 hour 0 8 

12 hours 0 # 

U „ 0 36 

„ 0 4 

4 « „ 0 4 


0 36 
0 t 


0 6 
0 0 


It Will be observed that (1) the taurocholate is about twice as piotective as 
the glyoocholate, and (2) that, as opalescence becomes established, there is a 
loss of protective power, the minimum being about half the protective power 
of the fresh solution. 

A more complete study of the physical ohemistry relating to this subject is 
bmng made. 

The HcBinolytw Action of Sodium Olycocholate. 

In a paper previously published (1), it has been pom ted out that sodium 
glyoocholate behaves m a manner similar to that found in the oases of sodium 
taurocholate, saponin, and other hsemolytio i^ents. In dilations higher than 
1 in 1000, the rapidity with which this salt produces heemolysis depends on 
the dilution, there being a relatively simple relation between the two. When 
one examines the action of the salt in concentrations of 1 in 100, 1 in 500, 
etc., a different behaviour is observed : in three respite especially, 

(1) There is great difficulty in obtaining consistent results ; this diffioolty 
does not ordinarily exist, for the time required for heeuolysis can, as a rule. 
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be observed correct to a few eeconde, and readily reproduced with conaistenoe. 
In the case of sodiuui glycocholate acting in these high concentratidba, a 
vanabihty in the time taken for fuemolysis appears, even when factors such 
as temperature are controlled. 

(2) The salt hmmolyses more rapidly in dilutions of 1 in 1000 and there- 
abouts, than m ddutions of 1 in 100 

(3) A freshly prepared suspension of red cells seems to be less rapidly 
hfcmolysed by the salt in all dilations up to 1 in 1000, and especially in 
dilutions of 1 in 100, and 1 in 50, than is a suspension which is 12 or 
18 hours old. This is not unexpected; the envelopes of these old cells 
being probably weak. The importance of using a freshly prepared suspension 
for quantitative haemolytic tests was insisted on in a previous communication. 

The following Table gives the times taken for complete hfemolysis of 
0‘2 C.C of standard blood suspension, freshly prepared, by various dilutions 
of this salt, at 18° C : — 

Table II. 

I 8 X j » I T 

' SO 25 niioub** I 400 i 40 mioatti 

j 100 90 „ 1 600 .SO „ 

200 65 „ I 1000 I 10 „ 

It must be understood that this Table is merely representative of the 
general behaviour of the salt, and that the times given are not the same for 
all suspensions, but vary with the condition of the cells, etc. 

These results may be looked upon as unexpected — hsemolysis ooourring 
more rapidly with a dilution of 1 in 1000 than with a dilution of 1 in 100. 
It is obvious that the hsemolysis depends on some factor otiier than the 
simple solution of the lecithin and oholesterin envelope of the erythrocyte in 
the solution of bile salt (2^ It will further be observed that sodium 
glycocholate is a feebly hjemolytic agent compared with sodium taurocholate. 

It. is with oocurrances oonneoted with the action of the glycocholate in 
these relatively high oonoentrationa that this paper is conoemed. 

It is convenient here to insert a note regarding terminology. The 
letter T is used to denote the time reqoired for the complete hsemolysis 
of the amount of blood suspension used. The letter r represents the tem- 
perature at which the experiment is conducted. The symbol B denotes ^ 
number of onbio centimetres which contain 1 grm. of a hsemolytio agent, in a 
solntam ivhioh is being used to produoe hasmolyna For detail regarding 
this neuenolatuie, the reader ie referred to a previous paper (1): in that 
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paper the special technique employed in these hsmolytic experiments is 
given in fnlL In the case of sodium glyoocholate, when working at tem- 
peratures in the neighbourhood of 20** 0, the exact temperature is very 
important, as in this region a slight rise of temperature greatly accelerates 
the heemolysis. Neglect qf taking this into account is a fruitful source of 
error. 

The Effect of Blood Serum on the Action of Bile Salta. 

Blood serum exerts a powerful mhibitory indnence on the hicmolytic 
action of sodium glyoocholate and sodium taurocholate. This is illustrated 
by the following results, the experiment being earned out in the way 
indicated in a previous paper (1), and m this case at 18° C. : — 

__ _ Tabl^II 

- , -- ^ - 

Sodium UuroohoUte, 1 m 1000 8 minutei I 

„ „ 0 -1 0 o Mrum . 16 „ 

Sodium glyeoohoUto, 1 in 1000 10 „ 

„ „ O-lcowrum 8T 

With a view to disoovenng which constituent of serum produced the 
inhibition, the inhibitory power, if any, of each constituent of serum was 
studied. This pioblera will be dealt with later the subject for consideration 
at present being certain phenomena occur nng when serum albumin is 
brought into contact with sodium glycocholate aixl a blood suspension. The 
fact that the bile salts cannot exert a hsemolytic action in the presence of 
blood serum is of great interest, since it throws new light on the con- 
troversies regarding hsemolysis and hiemoglobinuria in jaundice (3). 

JVtA Effect of Sei'um Atbunnn on the Haemolytic Action of Sodium Glycoeholnte. 

The following solutions are used ; — 

(1) Solutions of sodium glycocholate in saline (0 96 per cent. NaCl). The 
strength of these solutions is shown in the following Table : — 


Table IV 


fllj'cofhol»t<« 

Finnl eonceotnilion 

Tnlueof. 

per oenl 



8 S 

1 in lOO 

100 

1 S6 

1 aoo 

800 

0'888 

1 800 

auo 

oeas 

1 400 

400 

0-6 

1 SOO 

800 

0-417 

, 1 000 

000 

0-18 

1> 1000 

1000 
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The second column gives the concentration of g1}cochclate in the tube if of 
any of these dilutions 2 cc be taken and have 2 cc of saline or'lmhne 
solution of albumin and also 1 cc of standard blood suspension added The 
third column gUves the value of £ foi such a mixture 

In all the expennieiits recorded below for convenience quantities one*fifth 
of these are used the final concentrations being the same eq instead of 
2 00 of glyoocholate plus 2 0 0 of siline plus 1 oo of suspension 0 4 cc of 
glycocholate 0 4 cc of saline and 02 oc of suspension are used 

(2) V solution of serum albumin in saline The serum albumm was 
prepared fiom bloo<1 dried an! kept for some months before use The 
strength of the solution is 1 per cent 

(I) Astandarl blood suspension ns desoiibed m the previous paper (1) 
Jliis IS (ssentially t 5 per cent susiension of thiice washed human 
erythrocj les in normal salmt 

Ifto04cc of 2 0 per cent gl}cocholate be adde 1 02 cc of suspension 
and uftei an interval of 5 seconds 04 cc of serum albumin solution be 
aided hemolysis occurs very rapidly in about 30 seconds It has been 
noted ab vi that a 1 per cent solution of glycocholate takes over an hom to 
produce hasmolysis )f this quantity of suspension Since after adding the 
albumin the concentration of glycrcholate is I per cent and since haemolysis 
occui-s 111 ibout 30 seconds it is 1 vious that the serum albumm solution 
has a powerful acceleiatiiig effect on the action of the bile salt It may be 
observed that the seiuiii albumin solution is of itself non liiemolytio and 
that the rapid hu'molysis is in no way explained by the fact that the blood 
cells remain in contact with a 26 per cent solution of glyoocholate for 
0 seconds since the salt m this concentration will not produce any htcmolysis 
in this short time Control experiments using saline instead of the serum 
albumin solution lender the accelerating action of the latter quite clear 

The occiiri-ence of this rapid hteniolysis depends on several factois The 
rapid hiemolysis occuis with a mixture of seiiim albumin sodium glycn 
cholate and blood cells These three substances may however lie mixed in 
three diffeient ways — 

Method 1 — Put 0 4 o o of glycocholate solution 2 5 per cent m a -tube 
add 0 2 c c of blood suspension and then after an interval add 04 c o of 
serum albumin solution 

Method 2 — Put 04 cc of seium albumm solution m the tube add 0 2 
of blood suspension and aftei an interval add 0 4 oc. of 26 per cent 
glycocholate solution 

Method 3 — To 04 cc glyoocholate solution add 0 4 oo of the serum 
albumm solution and then 0 2 cc of the blood suspension 
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The interval is, for convenience, 5 seconds. In all three oases the com- 
position of the final contents of the tubes is the same. Yet very different 
results appear. 

By method 1, hremolysis occurs in 30 seconds 

By method 2, htemolysis occum m 26 minutes. 

By method 3, hcemolysis may occur in a .short time as in method 1, or afl«r 
a long tune, as in methofl 2 , the time is usually intermediate between the two. 

It IS thus obvious that two different phenomena are being observed, 
according as to whether the glycooholate or the albumin is first brought into 
contact with the cells. It is fuither obvious that method 3 is of no use for 
the giving of consistent results, as the time taken to produce hiemolysis varies 
under apparently the same set of circumstances. The results given by 
methoil (1) will first be considered, as being the more important. 

The effects produced by varying the quantity of sodium glycocholate in the 
above experiment, may now he investigated 

In a series of tulies is placed 0 4 cc. of vaiying ihlutions of sodium glyoo- 
oholate, as mentioned above , to each tube i.s added 0 2 o c. of blood suspension, 
and after an interval of 6 seconds, 04 o.c, of 1 per cent serum albumin 
solution 18 added The observation of the 6 seconds interval is very 
important The results are expressed in tabular form • — 

Table V 

When T = 18. 

* 1 T I » I T j 

100 \ I minute | 400 65 Mcondi. 

aoo 2^ minuten I 000 50 „ 

300 U „ ' 1000 0 minutes | 

It will be found that very rapid haemolysis occurs with all the dilutions of 
the glycocholate used. 

If the same susiiensioii be tested in a similar way after it has stood for a 
few houi-8, a different state of affairs will be found , the blood cells have 
undergone a change on standing. This surprismg result occurs with great 
regularity and, with patience, the stages of the change may be made out. As 
an example, below is given in tabular form, the behaviour of a freshly 
prepared standard blood suspension, as time elapsed. The time for haemolysis 
of 0‘2 0 . 0 . of this suspension by 0 4 o.c. glycocholate of various ooncenlrations 
plus 0'4 c.c. of 1 per cent, serum albumin, was estimated by method 1, as 
above, at intervals of 1 hour, 12 hours and 24 hours after preparation, as 
well at immediately eftey pi-eparation. The results wqre as foUoves : — 
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Table VI 

When T = 18 




Time after preperation 



6 minuteii 

i ^ 

1 12 hour* 

1 24 hour* 

100 

li minutof 

1 24 minntee 

18 minute* 

40 minute* ' 

IJOO 

* » 

80 

80 „ 

16 

800 

1 mmule 

41 „ 


8 

400 

60 Mcondi 

60 uoonda 

1 » 

1 minute 

14 

600 

40 „ 

60 „ 

1 

14 

1000 

2 minntea 

8 minute* 

7 minute* 

8 


All blood .xuapeneionp exhibit this change, some in greater degree, some in 
loss The change is not one merely to lie detected with care, but a very 
obvious one, which makes investigation into this subject very difficult, much 
experienee being neoessavy to correctly interpret results. It will be seen 
from this Table — which gives a typical result — that the freshly prepareil 
•mspension is rapidly hffluiolysed by all the concentiations of glycocholate, on 
the addition of the serum albumin, it may lie therefore termed “ sensitive ” 
An old susiieiision, however, is not rapidly hieiiiolysed excejit by dilutions of 
glycocholate in the neighbourluaxl of I in 500 . it may, therefore, be called, 
compared to the fresh suspension, an “ insensitive ” suspension This meaning 
will be attached to these terms in the following pages. 

At this point it will be convenient to deal with one essential difference 
between a sensitive and an insensitive suspension When a standard blood 
suspension is prepared, blood is drawn into citrated saline, to prevent 
coagulation The suspension is centrifuged, the cells washed thrice with 
saline, and the cells then added to normal saline (0'96 per cent. NaCl), to 
form a 6 per cent, suspension. This siisj^iensiou is normally sensitive If the 
blood be drawn into normal saline instead of into citrated saline, and the act 
of coagulation thus permitted, an insensitive susiiension results after washing 
the cells, and preparing the suspension in the same way as before This is a 
constant occurrence; the act of coagulation seems to determine that the 
suspension shall be insensitive If the blood be drawn slowly from the 
finger and clotting thus be allowed to begin, the resulting suspension will be 
insensitive This very interesting fact is of use ; for, with reasonable care, a 
sensitive suspension can always be prepared, and also if an insensitive suspen- 
sion be required, it can with oertainty be made. 

The changes through which a sensitive suspension goes on standing are 
very eurions ; further investigations, to be noted below, throw some light on 
these changes. It may be observed that there is no diAfewnoe between n 
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sensitive and an insensitive suspension as regards the activity of either sodium 
glyoocholate or sodium taurocholate when actmg upon it; the difference 
exists only towards the mixture of glyoocholate and albumin. The above 
mentioned phenomena occur not only with human erythrocytes, but with the 
red cells of dogs, cats, rabbits and guinea-pigs. The length of time for which 
a sensitive suspension remains unchanged varies. Some suspensions become 
insensitive within half an hour of preparation , others remain unchanged for 
as long as 12 to 20 hours 

Having considered the efteot of varying the amount of glyoocholate used 
(Table V) when 0 4 o c. of 1 per cent albumin solution is used to accelerate 
the hiemolysis, it must now lie considered what the effect is of varying the 
amount of serum albumin The following Table shows this. The substances 
are mixed m the same way as that adopted for the drawing up of Table V, 
^ ^ , by method 1 ; 0'4 c.o of albumin is added in each case 


When T = 18 


I in 600 


n 1000 


20 wconda 
80 „ 

4 minuteR 


I 36 lerondi 6 minnte«i 

I 80 16 „ 

< 20 „ 86 „ 

I H ininutM 17 „ 


From a consideration of this Table it is obvious that the phenomena are 
very.oomplex The subject will be left in the meantime, and referred to 
again later (Table XIV) It will be sufficient to note here that the quantity 
of serum albumin used in combination with various dilutions of glyoocholate 
is of the greatest importance In the above experiment the suspension used 
was an insensitive one. 

Certain of the occurrences met with when the sodium glyoocholate, Mood 
cells, and albumin are mixed by method 2 may now be considered 

In this method, 0‘4 c c of 1 pet cent, solution of serum albumin is placeil 
111 a tube, 0'2 o.c. of standard suspension is added, and after five seconds, 
0-4 C.0, of any desired concentration of sodium glyoocholate is added. The 
results of various dilutions of glycorholnto may be given , the suspension 
qsed is sensitive, 
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Table VIII. 

When T = 18 


Method 2 


2S minutes 
90 seconds 

ao „ 

25 „ 

40 „ 


The hsetnolysis does not occttr so rapidly with method 2 as with method 1. 
The difference is most marked when high concentrations of glycooholate are 
used In investigating the sensitiveness of a suspension, therefore, it is very 
impxirtant that this difference be kept in mind 


Thf Pi'otedwf Adum of Serum Album iv 
It has been seen that wliile serum albumin, if added to a cell suspension m 
contact with sodium glycooholate, accelerates the hiemolysis produced by the 
latter, if it lie added to a cell suspension it will protect it against the action 
of the sodium glycooholate and serum albumin mixtuie. 

To investigate this further, one may put up four tubes, as follows • — 

Tube 1. — 1 c.o. suspension 0 2 c.c. of 1 iier cent, scrum albumin. 

Tube 2 — I c 0 suspension* 0*1 c.c. of 1 per cent, serum albumin. 

Tube 3 — 1 c.o suspension 0*05 oo. of 1 per cent serum albumin 
Tube 4. — 1 0 0 . suspension 0*02 c.c. of 1 per cent serum albumin. 

The suspension used is a sensitive one. Allow all tubes to stand for 
j minutes P^xamine the suspensions to see if they are sensitive or insensitive. 
The following result is typical : — 


Table IX. 

: 18 , S = 100 , +0*4 c.o. 1 per cent albumin. 


The effect, then, of adding a small quantity of serum albumin solution to a 
sensitive suspension is to render it insensitive. The degree of insensitivenese 
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produced depends on two factors : (1) the amount of serum albumin added ; 
and (2) the time for which it remains in contact with the cells. A suspen- 
sion thus made insensitive is not resensitiseil by washing once in the centri- 
fuge : repeated washings may render it sensitive to some degree. 

Thf Protective Power of Blood Serum. 

As serum blood albumin has this effect, it might be 8uppose<l that bloo<l 
serum itself had a similar effect The following typical expeiiment shows 
this oleaily : — 

'Cube 1 — I cc suspension 0 02 cc serum. 

Tube 2. — 1 o.c suspension 0 016 cc serum 

Tube 3. — 1 C.O. suspension O'Ol c.o. serum 

Tube 4 — 1 o.c. suspension 0‘006 c.c. serum. 

Allow the tubes to stand 6 minutes. The suspension used is a sensitive 
one. Test the suspensions to see if they are sensitive or not 

I'he typical result is as follows : — 

Table X. 

When T = 18 , S = 100. -pO-4 cc. 1 per cent albumin. 

‘lube I T I Tube T 

I ll- - 

I Control 16 eeoonde :i 6 niiimte* 

1 20 minutet I 4 26 „ 

2 16 

The serum thus renders a sensitive suspension insensitive Such an insensi- 
tive suspension is however restored on washing the cells in the centrifuge ; an 
occurrence which is not found in the protection conferred by serum albumin, 
and suggesting that the protection is conferred in different ways in the two 
oases The protection is conferred not by fresh serum only, but by preserved 
serum, kept for over 18 months by the method of Leers (4). 

Animal Expenumits 

It is confirmatory of these experiments that the protective action of serum 
albumin occurs in vivo as well as t« vitro. 

If a rabbit be taken and from a vein a small quantity of blood (0'05 o.c.) be 
drawn into citrated saline, the suspension resulting after washing these cells 
—preferably once — is sensitive to the mixture of glycocholate and serum 
albumin. If now 5 o.c. of a 2 per oent. serum albumin solution in saline be 
injected into a vein, and blood withdrawn from a distant vein about 
6 minutes later, tlie suspension prepared from this blood will be ineensithre. 
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Results for four rabbits may be recorded ; — 

Table XI 

When T = 18. 

Kahbif T, lit tnmple | T, 2Dd lample j .Albumin injwtcJ 

11 IS aecondfi 24 iiiiiiiitflii 0 1 gnunme 

2 20 „ 16 , 0-04 „ 

Is 16 „ 2.1 „ 0-08 „ 

1 30 „ 18 „ 0 04 „ 

The injection seems to cause no untoward effect on the rabbit, which is 
nmler chloroform amiisthesia. 

These phenomena will be found to be not peculiar to serum albumin : 
other similar substances act as powerful accelerators of glycocholate bterao- 
lysis and as protective agents, when used differently, just like serum albumin. 
Peptone is such a substance: its actions are exactly parallel with those of 
the albumin. On trying the effects of various animal extracts, similar 
properties were found to be possessed by both adrenalin and pituitrm (Parke, 
Davis preparations). Since it has been shown that pituitrin contains 
histamine, this at once suggests the possibility of the phenomena being due 
to histamine or histidine, appeanng in both the albumin, the peptone, and the 
pituitnn (5). 

The Effect of Hixtavwie on OlyeocholcUi Mmmolysis. 

A series of solutions of histanune (Burroughs Wellcome) is prepared, the 
following dilutions being convenient: — 1 in 600, 1 in 1000, 1 in 2000, 
1 in 5000, 1 in 8000, and 1 in 10,000. These solutions are made in normal 
saline (0*95 per cent, sodium chlonde). 

Histamine and histidine are, per se, iion-bseinolytic. If 0'4 c.c. of 2 5 per 
cent, glycocholate solution have 0 2 o.c. of standard blood suspension added, 
and if, after 6 seconds, 0 4 c.c. of 1 in 1000 histamine be added, haemolysis 
occurs instantaneously. 

The lustamine thus has the accelerating action found with the serum 
albumin, whose action was probably due to the histamine contained in it as 
an unavoidable impurity. This is a most interesting fact, for it enables 
many more exact observations to be made on the phenomena mentioned 
above in connection with serum albumin. Certain preliminary notes must 
first be made. 

The Effect off Hidamine on Colloid Gold, 

In view of the fact that sodium glycocholate protects a gold sol, it is 
important to Itnow the action of histamine on such a colloid. Histamine 
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precipitates colloid gold, acting powerfully iii this respect. Histidine acts in 
a similar way, but leas powei-fully. The precipitating action of a 1 in 1000 
solution of histaiuiue is very marked, 0-1 o c. precipitating i c o. of the gold 
sol used in about 10 seconds. 

It is probable, therefore, that histamine acts a.s a disturber of all colloids, 
and therefore of sodium glyoocholate. We have seen that the h.emolytic 
action of this substance when in “ combination ” witli serum albumin or 
histamine is not to be accounted foi by simple solubility of the envelope ot 
the erythrocyte in the bile .salt it is pissible that surface tension protiuces 
the effect, in which case the interaction of a colloid like the glycocholate, 
and a precipitator of colloids such as histamine, would be of great interest. 
The consideration that the heemolysis may be due to changes in the physical 
state of the solution, connected with occurrences known to colloid chemistry, 
suggests that the acidity or alkalinity of the htemolysing solution will be of 
great importance • the phenomena perhaps being analogous to those of 
adsorbtion (6). 

It will therefore be necessary to investigate (1) the action of serum 
albumin, and of histamine, on a blood suspension subjected to the heemolytic 
action of various amounts of sodium glycocholate, and (2) the effect of 
acidity or alkalinity on this action 

The following Tables contain such an investigation. The suspension uae,d 
IS an inactive one. The various concentrations of glycocholate are similar 
to those previously used (Table IV). The quantity of semm albuimn added 
to each tube, in the columns relating to its action, is 0 4 c o of a 1 per cent, 
solution in saline The quantity of histamine added to each tube, m the 
columns relating to its action, is 0*4 cc. of a 1 in 5000 solution in saline. 

“Acid histamine,” or “acid serum albumin,” is made by adding to 10 oc. 
of the*hi 3 tainine solution, 1 in 6000, or, to 10 c.c. of the 1 per cent, albumin 
solution, 0*1 C.O. of decinurmal HCL “ Alkaline histamine,” or alkaline serum 
albumin, is prepared by adding to 10 c.o. of either substance iu the con- 
ooiitratious mentioned above, 0-1 c.o. of 1 per cent. Na*b;0*. 

The BubstaneeB were mixed m the order referred to os iiiethoil 1, ie„ the 
glycocholate first, then the blood suspension, of which 0 2 c.o. is used, and 
then, after 5 seconds, the serum albumin or Mstamiue. 
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Table XII. 

When T = 18. 


• 

Albumin 

Hiitaraioe. 

. Aoid 
' albumin 

Alkaline 

albumin 

Acid 

histamine 

Alkaline 

hi.taraine 

100 

66 mini 

95 mini 

43 mins 

106 min* 

66 mins 

110 min. 

1900 

*0 „ 

80 „ 

3 „ 

76 „ 

40 MCI 

78 „ 

300 1 

0 „ 

90 sec. 

SOmc* 

68 „ 

80 „ 

60 „ 

400 

1 nun 

40 „ 

20 „ 

86 „ 

15 

16 

600 

60 rect 

30 „ 

80 „ 

, 18 

30 „ 

■ 4 „ 

600 

1 mill 

86 , 

60 „ 

10 „ 

60 „ 

43 leet 

1000 

8 mm. 

3 nuns 

nun* 

1 28 „ 

31 mini 

It mini 


This Table, which is lepiesentative of the general lesults obtained with an 
inactive snspeiiaion, expresses several important points • — 

(1) Histamine behaves similarly to the serum albumin, as an accelerator of 
the glycooholate ha-molysis, 

(2) The rendering of the hffimolysmg solution acid causes hiemolysis to be 
more rapid’ if the htemolysing solution be alkaline, the hiemolysis is 
retai’ded. The amount of deviation from neutrality is very small in the 
above case. 

(3) Tlie relation between the speed of hiemolysis under the various 
conditions and the amount of glycocholate used is expressed. Columns 1 
and 2 are confirmatory of the Tables illustrating the behaviour of an 
inactive suspension 

The question of the reaction of the hsemolysing fluid is obviously one of 
great importance. A series of observations in which the Pm is determined 
would be ideal . the difficulties attendant upon the use of buffer solutions in 
connection with these Inemolytio experiments are at present, howevei, 
insuiierable. The question is being investigated. 

It now remains to consider the eftect of varying the quantities of 
histamine employed for accelerating the glycocholate in its hremolytio 
action This is done in the following two Tables, the first Table illustrating 
the results when a sensitive suspension is used, the second illustrating the 
results m the case of an insensitive suspension. In each case, the tem- 
perature at which the experiments were conducted was 18° C. : the substances 
were mixed by method 1 
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Table Xlll. — A. Senaitive Suspension. 


HitUimine 



ilycocholatc 

1 in 600 



1 to 

1 in 100 j 

1 m 200 1 1 til 800 

1 iu 400. j 

1 m 600. 

1 in 1000 

600 

Smo*. 

6 8 sect. 

8 MO* 

10 MC« 

26 MCI 

40 Mc*. 

1,000 ' 

7 „ 

7 „ 6 „ 

16 „ 1 

20 ., 

35 „ 1 

li mins 

2,000 , 


10 „ 10 ,. 

20 „ , 

25 „ 

80 „ , 

2 „ 

6,000 

48mu.. 1 

16 min* 80 „ 

80 „ 

28 „ 

20 „ 

U „ 

, 8,000 

SO „ 

18 „ 46 „ 

46 , I 

80 „ 

26 „ 1 

1 min. 1 

1 10,000 

66 „ 

24 „ 1 24 mm* 

2 mm* 

1 mm 

80 ,. 

60 tec* 


Table XIV — B. Insensitive Suspension 


UiiUmine Uljcuoholate 

I 1 ID ^ 1 lu 100 1 in 200 1 in 300 1 in 400 { 1 in 600 | 1 in 600 j 1 in 1000 

500 S leos. 6 >eci 6 >eci 6 senn 10 leci I S >eo« 40 mo* 

1.000 I 7 „ 7 „ 10 „ 16 „ 18 „ 28 „ li mmi 

2.000 8 „ I 10 „ 16 20 „ 26 „ 30 „ 2 „ 

6.000 86 mini 40 min* 1 mm 80 „ 26 „ 28 „ li „ 

I 8,000 90 „ 42 „ 6 mm*. 46 „ { 30 „ 26 „ 1 miu 

10,000 106 „ 46 „ 7 „ 2 imii* | 1 miu. 80 „ 60 mo« 

From these somewhat complicated Tables very little new is to be learnt, 
except that the occurrences which take place when the action of glycocliolate 
of sodium is accelerated by histamine are exceedingly complex Seveial 
points may, however, bo noted . — 

(1) If these times be plotted on giaph paper, a seues of curves of definite 
character will be obtained. The characier of the curves, however, does not 
suggest any generalisation. 

(2) The difference between the sensitive and the insensitive suspension may 
be seen in columns 1, 2 and 3 of the respective Tables At the other dilutions 
these differences diminish. This is confirmatory of the obseiwations made 
with serum albumin. 

(3) From an inspection of columns 1 and 2, it appears that there is a very 
great disproportion between the effect produced by a 1 in 2000 histamine 
solution and a 1 ui 6000 solution. This suggeste tliat the occurrences met 
with when 1 in 500 to 1 in 2000 histamine is used ai-e different in kind from 
those met with when more dilute histamine solutions are used, whereas the 
difference between the activity of the solutions to winch the other columns 
relate is one of degree only. This is very probable, in the light of other con* 
siderations, and will be commented oA later. 
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The ProteUwe Actum of Htatamvne 

It has been shown that histamine possesses the accelerating action "bn the 
hsBmoljsis produced by sodium glyoocholate bemg in this respect similar to 
the action of the serum albumm solution dealt with m the beginmng of the 
paper It remains to be shown whethei or not it has the protective action of 
the serum albumm solution (Table IX) 

This IS a simple matter in view of the information cunveye I in Table XIII 
1 lie following experiment illustrates this — 

To 1 c c of an active standard blood suspension add 0 1 o c < f 1 iii 500 
histamine Allow this tube to stand for 5 minutes 

If 0 2 c c of this suspension be added to glyoocholate and histamine m a 
tube it will carry with it a small amount of additional histamine For instance 
if 0 4 0 0 of gl} cooholate have added 0 2 o c of this suspension and also 
0 4 c 0 of 1 in 5000 histamine the final lilution of histamme in the tube will 
be 1 m 8330 instead of 1 in 12 500 which it would have been if instead of 
this suspension containing histamme a standard suspension had been used 
Consultmg Table Kill it will be seen that if 1 m 500 glyoocholate be 
employed for haemolysis this slight increase m the histamme concentration is 
of little consequence altermg the haemolytic time only by 1 or 2 seconds 
Therefore the effect of a dilution of 1 m 600 glyoocholate on the standard 
suspension before and after it has had histamme added m this quamtity will 
decide whether or not the histamine has caused a protection of the blood 
cells 

To two tubes then add 04oc ota06 per cent solution of sodium glyco 
cholate add in the case of one tube 0 2 c c of stamdard suspension and m 
the cose of the second 0 2 cc of the suspension containing histamme as 
prepared above after a 5 seconds interval add 0 4 c c of I in 6000 histamme 
The tube oontammg the standaid suspension htemolyses m 30 seconds that 
containmg the suspension plus Ustamme m 8^ minutes This demonstrates 
that the histamme has a proteotmg effect on the oells against hsemolysis by 
the glyoocholate histamine system 

If the cells ot Hub suspension plus lustamiuc be washed in sahne m the 
centrifuge the suspension resulting from addmg them to the appropriate 
amount of salme is still slow m bemg hsemolysed by these luantities of glyco 
cholate and histaimne This demonstrates that as in the case of the 
protection conferred by serum albumm solution the j rotection conferred by 
the histamme is not due merely to the presence of the latter m the salme 
surrounding the red cells but due to some change produced m ^-he cells 
themselves 



Action of Sodium OlycocholcUe. 


101 


The Artvm of Hiitlvline 

Histidine acts in a manner sitnilar to histamine in accelerating hmmoljsis 
by sodium glycooliolate, and, if used in another way, in protecting cella 
against h.einoly 8 i 8 by histidine and glycocholate. In general, its action m 
these respects la less marked than that of histamine. 

These properties belonging to histamine and to histidine do not appear to 
be general properties of aniino-acids. Glycine and arginin, for instance, do 
not possess them. A full study of this question is being made, and the point 
will not lie further dealt with in this paper 

IhscuKswn. 

It 18 a much easier matter to observe the phenomena described in this 
paper than to explain them. A brief discussion of certain points is 
desirable. 

It appears obvious that the explanation of haemolysis by sodium glyco- 
cholate on the grounds that this salt dissolves the envelope of the corpuscle 
is inadequate, in view of the unusual behaviour of the salt in certain high 
concentrations, and especially in view of tlie action of non-hiemolytio 
substances like histamine when in the presence of a blood suspension and 
sodium glycocholate. A more probable explanation is one which is based on 
changes of surface tension , possibly the solvent action of the salt plays a 
subsequent part. To advance a theory to explain these occurrences is at 
present impossible , the following suggestion, however, is supported by the 
majority of the facts, and may be taken as a working hypothesis, useful for 
the present until further facts are brought to light 

If we consider first the addition of blood cells to a solution of sodium 
glycoClmlate, we may say that two occurrences take place- ( 1 ) the glyco- 
cholate becomes condensed at the interfaces, and therefore on the surface of 
the red cells ; and ( 2 ) a solvent emtion of the glycocholate on the envelope of 
the cell begins. If histamine, which it has been seen, powerfully disturbs 
colloid solutions, be added, the colloidal glycocholate probably undergoes a 
sudden change of physical state, resulting in a sudden variation of the surface 
tension at the red-cell interfaces, where the glycocholate is collected. This 
sudden alteration ruptures the cell wall, all the more so as the glycocholate is 
already attacking the envelope, and therefore is, as it were, continuous with 
the substances composing it. The rapid haemolysis produced by the addition 
of histamine may be thus explained. If, on the other hand, the histamine be 
added to the cells first, it will not Jb^ so condensed at the interfaces as the 
colloid would be, and will certainly not dissolve the envelope. On the 

TOU xonL— & I 
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addition of glycooholate then a change of physical state of the latter occurs 
\Mth a sudden change of surface tension as before but more evenly cRstn 
buted throughout the fluid instead of being more marked at the cell interfaces 
Hajmolysis will therefore be slower the possibility that the glycocholate and 
tlie histamine may form some sjiecies of adsorption compound which lias 
scarcely any haimolytic action might further enter into the explanation 
Such a consideration is further supported by the fact that the occurrences 
are so influenced by small changes in reaction the process of adsorption and 
similar colloid phenomena being very sensitive in this respect It may be 
also noted that the curious res ilts obtained by varying the quantities of the 
interacting substances j oint to changes m re coi iplex than simple chemical 
interaction It appeals at times that the ] henomena lo not occur until 
certain quantities of the interacting substances are present eg m Tables XIII 
and XIV columns 1 and 2 Here possibly the amount of histamme added 
was insufficient to disturb the glycocholate sufficiently to cause the chauge of 
surface tension necessary to produce hu,moly8is 
Not the least interesting of these occurrences is the change which seems to 
occur m the blood cells themselves both on standing and under the action of 
histamine The latter occurrence seems to have no explanation which is even 
probable at present The fact that blood cells prepared in such a way that 
coagulation is permitted are insensitive may be due to some protective action 
exerted by some product of coagulation 
The whole subject which may at first sight seem of little practical conse 
quenoe is of great importance The facts show that haemolysis by simple 
chemical substances depends on complex factors and any information which 
can be gamed regardmg the true manner of action in these relatively simple 
oases 18 of interest m the consideration of the vastly more complex phenomena 
of haemolysis by haemolj sins of animal ongm 

Summary 

1 Sodium taui-ocholate and sodium glycocholate are to be consider^ os 
colloids They protect colloid gohf against precipitation of electrolytes 

2 Sodium glycocholate is a feebly haemolytic agent. If histamme or 
histidine be added to it m suitable proportions a highly haemolytic mixture 
results although histamme and histidme are of themselves non haemolytic 
The reaction of the haemolysmg fluid mfluenoes the speed of haemolysis 

3 Histamme if brought m oontaot with blood cells renders them 
immune to haemolysis by the histamme glycocholate mixture Histidine 
acts similarly This appears to be due to some chamge in the cells 
themselves and not merely to the presence of the histamme m the flmd 
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4. Blood cells which are rapidly luemolysed by glycocholate and histamine 
become insensitive on standing, but to a less degree with an old suspension 
than with a freshly prepared one. 

5. Serum albumin and peptone solutions, and also ])ituitria, produce both 
the rapid hajmolysis when mixed with sodium glycocholate, and also the 
protective effect when added to blood cells This latter occurs in vivo as 
well as tit vitro These occurrences may be due to the presence of histamine 
or allied substances. 

6. Several facts suggest that these phenomena are mainly due to dis- 
turbance of surface tension, similar to those which are met with in colloidal 
solutions. They cannot be explained by the theory that the bile salt 
■dissolves the corpuscle envelope 

7. Suspensions of cells which are derived from blood drawn into a fluid 
which prevents coagulation behave differently from suspensions of cells 
which are derived from blood drawn into a fluid which permits coagulation 
to occur. 

8. A protection against hmmolysis by the histamine-glycocholate mixture 
is also conferred by blood serum. 

9. The presence of blood serum inhibits the hsemolytic action of sodium 
taurocholate and sodium glycocholate 
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The Mechanism of Ciliary Movement,. 

By J Gkay, M.A , Fellow of King’s College, Cambridge, and Balfour Student, 
Cambridge University. 

(Communicated by Prof. J S Gardiner, F.RS. Received June 1, 1921.) 

The mechanism of ciliary movement has been e-xtensively studied from the 
morphological point of view, and although there is a general consensus of 
opinion as to the structure of the “ ciliary apparatus,” there is no adequate 
account of the functions of the various parts of the mechanism 

The matenal used for this work has been the gills of Mytilus edvlis, and 
has already been described (Orton, 27). It is entirely due to the movement 
of the cilia that an eflScient stream of water is kept passing on to the face of 
the gill, and that the food is moved up to the mouth of the animal. By 
means of carmine particles the existence of these currents is easily detected 
by the naked eye. 

The production of a constant current of water in a definite direction implies 
that the cilia are capable of performing work in a remarkably efficient manner. 
If we watch the movement of a smgle ctlium, it is obvious that the beat is 
divisible into two phases : (a) a very rapid forward or effective stroke ; and 
{b) a slower backward or recovery stroke. It is during the rapid effective 
stroke that the cilium performs work on the surrounding medium, and in 
doing BO, of course, expends energy. At the conclusion of the effective 
stroke these cilia possess no energy which can be used for work, but by the 
time the recoveiy stroke is completed a new supply of potential energy is 
available and is in turn converted into kinetic energy during the next effective 
stroke. 

We are, no doubt, entitled to assume that the energy expended by a cilium 
has its origin in some chemical compound, either in the cilium itself or in 
the cell to which it is attached. Our mam problem is to throw what light 
we can on the sequence of events whioh leads to the conversion of chemical 
energy into the kinetic energy of movement. 

The first evidence which will be presented is that gained by an observation 
of the living cells under normal conditions. 

I. Thb Stbuotubk and Bkhavioub of Normal Cilia, 

On the giU filaments are three main groups of ciliated cells — the lateral, 
the latero-frontal, and the frontal cilia (see Gray, 12). These cilia, like all 
other living cilia, appear to be optically homogeneous; they are strongly 
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refraotdvo and poeaesa a oonaiderablo degree of elasticity. In thia respect 
Engelmann (8) expressed the view that ; “ Tons lea organes vibratils sent 
rdsistants, trfes flexiblea, et dana une large mesure parfaitement ^laatiquea.” 
The cilia of Mytilua are entirely independent of any control by the animal 
and are in constant motion during the life of the colls. 

iMteral Cilia. 

On the aides of each gill filament arc three rows of lectangular cells, each 
bearing a brush of cilia. These are the lateral cilia (see figs 1 and 2). The 



Fio. 1. — Lateral view of gill filament of (modified ftom Orton) (a) Teiminal 

cilia, (5) frontal cilia, (c) latero-frontal cilia, {d) lateral cilia, (e) vertical water 
current sot up by lateral cilin, (/) direction of watei currant from fiontal cilia. 

effective stroke causes a strong current of water to flow on to the gill surface 
at right angles to it (see fig 2) All the cilia arising from a single cell beat in 
the same phase, as do also the cilia of the three cells comprising each vertical 
row. 

The most distinctive feature of the lateral cilia la their marked rhythm. 
The oilia on adjacent cells beat in succession, so that a continuous wave 
passes along the whole line of lateral cells from one end of the filament to 
the other; the wave passes in opposite directions on the two sides of the 
filament. This metachronial rhythm provides an interesting example of 
co-ordinated movement which is not associated with any visible nervous 
elements. Isolated individual cells from the lateral epithelium continue to 
exhibit active movement. 

Lntero-frontal Cilm. 

It will be seen from fig. 2 that on reaching the surface of the gill the water 
oolumns set in motion by the lateral oiba meet the large latero-froTital cilia. 
During one phase of the beat these cilia rapidly pass from the form of 
straight rods to that of curved hookp, the point being directed towards the 
free surface of the filament. The cilia then fiatten out more slowly; the 
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flattening begins at the base and proceeds to the point These cilia also exhibit 
a ceitain degree of metachronism but to a much less marked extenlr than 



Fio 2 — Tiansverse vertical section of three gill filaments showing the deflection of the 
vertical current on to the frontal cilia (a) Fiontal cilia, (/) latero frontal cilia 
(c) lateral aha. 

the lateral oilia The function of the latero frontal cilia appears to be two 
fold (i) they act as vanes which deflect the water currents on to the surface 
of the filaments (2) they keep the individual filaments apart so as to give 
free play to the lateral cilia 

FtotUiI Cilia 

The whole of the flat frontal surface of the gill is covered by the frontal 
ciha whose eflective beat is parallel to this surface and directed towards its 
free edge (see fig 1) • 

When the movement is very greatly reduced in speed by the addition of 
gum arable to sea water it is seen that duiing the effective beat the cilinm 
behaves as a more or less iigid rod which moves forward on a pivot at its 
base During the recovery stroke however tlie cilium assumes entirely 
different properties — it is drawn back as a bmp non elastic body m which a 
stress 18 set up which starts at its base and is transmitted to the free end, 

* At the end of the filaments the frontal cilia are modified so as to deflect the current 
towards the food grove and towards the oral end of the gill These modified frontal 
cilia are very obvious, and will be referred to as the terminal cilia 
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exactly as is the case in n fishing line during the backward movement of a 
cast. As the cilium moves back it loses its limpness, and at the end of the 
recovery stroke possesses a considerable degree of rigidity (fig. 3) 

When movement is taking place faiily quickly the cilium rioes not apjiear 



b 

Fio. 3.— Diagram illnHtrating tbefoiiii of the terminal cilm of dining («) the 

effective and (6) iccovetv bents. 

to Straighten out completely at the end of the recovery stroke, but moves 
forward in the form of a sickle. During the final phase of the effective beat 
the hooked shape is always lost and re-develops during the recovery stroke. 

It should bo mentioned that the effective stroke is always quicker than the 
recovery stroke When movement is very rapid it is impossible to see the 
cilium during the elfective beat. 

The change in tlie consistency of the cilium during the two phases of its 
beat appears to be an observation of considerable significance, but does not 
appear to have been commented on by other oliservers. The illustrations 
given in Verworn’s (31) text-book of the cilia of Vrostyla grandia appear to 
indicate the same phenomenon. The only detailed description of the move- 
ment of large cilia is that by Williams (32) of the cilia of a molluscan larva, 
which clearly indicates a difference in the elastic properties of the cilia 
during the two phases of the boat (fig 4) 

The effect of stimulation on a muscle fibre has been compared by 
Bayliss (1) to the conversion of a stretched lead spring to a stretched steel 
spring, so that the excited fibre is capable of expending energy in the form 
of work. The cilia of Mytilm, and to a still greater extent the cilia of 
Ctenophores, can be conlpared, with equal justice, to bent strips of lead and 
steel wire. It mvis fairly certain that the energy which is expended hy the 
eUiwm is stored as tension energy. 

Let us now consider the point' of origin of the stimulus to which the 
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movement of the cilium is tho meohanioal response The cilia on adjacent 
cells of the lateral epithelium beat m a definite sequence. If, how«)ver, 



Fig 4 — ] liafji am showing auccesaive atagea in the atroke of ii uhmn on the velum of a 
gaatioitod laiva (after Williama) A, poaition of ie«t , B, poaiUou at end (if 
recovery beat , C and D, atagea dining cffectue lieat , E, end of effective boat 

individual cells are separated experimental] y, they continue to exhibit actne 
and prolonged movement (Gray, 12) All attempts to detect the operation of 
nervous elements in the epithelium, or in the cells themselves, have failed 
It may be concluded, theiefore, that these ciliated cells provide an example 
of an automatically contractile tissue. The cells are comparable to cardiac 
muscle cells , each cell is capable of independent movement, although, under 
normal circumstances, there is a definite co-ordination between adjacent cells. 

When a piece of living Mi/txlns gill is teased in sea-water under the 
iniciosoope, portions of the cuticular layer with attached cilia are often 
stripped away from the cells themselves Such cilia are invariably motion- 
less. It seems certain, then, that an essential part of the mechanism lies in 
tJu cell itself ; as long as there is a small jxirtion of normal protoplasm at 



Fio 5 — Diagram of cilia of Pteurobrackia A is the position of lest , B is tiie end of the 
effective stroke, whose direction is shown by the arrows 

the distal end ol the cell near the base of tho cilium, the latter continues 
to move * 

♦ Jl 8. Lilhe observed that detached but active cilia from tlie larva of Polygordius 
possessed a knob-like expansion at their proximal ends. 
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II is interesting to mention a few expcriuients which were performed on 
the ciliated plates of the Ctenophore Pleurobrachm (see fig. 6). 

Like the lateral cilia of Mytilm there is here definite metachronial 
movement, but the movement of each cell is dependent upon a stimulus 
passing to it from the cell next to it If the ciliated comb is cut, then all 
those cilia situated on the oral side of the cut cease to beat, and come to rest 
at the heginuing of the effective beat Any coll of this oral portion can be 
thrown into motion by stimulating the cell immediately above it As far as 
one can see, these cilia resemble skeletal muscle rather than caidiac muscle, 
since some form of external stimulus is necessary to produce a mechanical 
response from the individual cells. 

II The Influence of the Envxhonmknt on Ciuauy Activity 

It has already been shown (Gray, 12) that a satisfactory medium for 
ciliary activity is provided by a Van’t HofTs solution containing NaCl, KCI, 
MgClj and CaCIj, in the same proportions as in sea-water, and whose 
hydrogen ion concentration is about Pji 7 8 We can therefore legard tlie 
other constituents of noimal sea-walei as unessential. 

(a) The Effect of Vat ying the Hydrogen-xon Concoiiratton. 

The fact that the cilia on the gill of Mytilxis cease to move when tlie 
Jiydrogen ion concentration of the surrounding medium reaches a limiting 
value, and that the cilia will resume their movemeuts when the acidity of 
the medium is reduced (Gray, 12), led to the following investigation of 
Bernstein’s well known hypothesis. 

If the hypothesis be sound, then the inhibiting powers of an acid medium 
should be inversely proportional to the rate at which the acid can enter the 
cell. It has been shown that mineral acids enter living cells very slowly, it 
at all, whereas the fatty acids enter readily Pieces of living gill, stained 
with neutral red, undergo no oliango in colour when placed in Van’t Hoff 
solution, to which sufficient hydrochloric acid has been added to produce a 
hydri^n ion concentration of Pu 3’4 . when placed in a similar solution, 
made acid with acetic or butyric acid, the gill instantly changes from a dull 
brick red colour to one of 'brilliant red — indicating that the acid has 
entered the cells. Corresponding facts apply to the alkalies • ammonia 
rapidly enters a living cell, whereas sodium hydroxide does not 

It is obvious, therefore, that a method is available for deciding whether the 
cessation of movement of cilia in an acid medium is due to an interference 
with the electrical properties of the, cell surfeoe, or whether the affected 
elements lie within the cell itself. 
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Die procedure adopted was to deteiiiune the critical concentration of 
hydrogen ions m the external medium, which was just sufficient ta, cause 
complete stoppage of cihary inoveiiieiiL in 1 minute A very large number 
of experiments were perfoimed, wlmse results aie summarised in the 
following Table — 


Acid 


Critical 1*H 
I onienlration 


And 


Critical Ph ^ 
concantration i 


H/droclilonc 

Sulpliuric 

Nitric 

Oitnc 


I 

S 4 Oxalic 

S 1 I Fonnic 

3 4 I Acetic 

1 4 I Butyric 


8 1 
4 0 

4 8 
6 2 

! 


It will be observed thit the minoial iioids are of practically unifoim 
efficiency and the same hydrogen ion concentration of each is required to 
produce the same physiological effect The fatty acids, on the other hand, 
form a senes which is more efficient than the mineral acids and the higher 
member of the series is distinctly more efficient than a lowei member 
It has already been shown (Gray 12) that when ciliary activity has 
ceased in the presence of an acid recovery takes place when the suriounding 
medium is made alkaline so that it is possible to compare the effects of the 
weak and the strong alkalies as restoratives 

When movement has been stopped by means of a fatty acid, the cells 
rapidly recover in a solution which is not more alkaline than normal 
sea-water (Ph 7 8 ) by means of gill fragments stained with neutral red, 
this recovery can be seen to be due to the rapid rate at which the acid is 
removed from the cell If, however, the cilia have been stopped by a 
mineral acid, recovery in normal sea water is lelatively slow (Gray, 12), so 
that such fragments form satisfactory material for testing the restorative 
powers of the various alkalies In the following experiments, fragments of 
the same gill were exposed to a definite strength of mineral acid (HCU 
Ph 33) for a definite period (6 minutes) Individual fragments were 
then transferred to normal sea water, and to sea-water whose Pu had 
been raised to the same abnormally high value by NaOH and by NH 4 OH 
respectively 



Sea water 

Sea water 

+ NaOH 

Sea watar 
+ NH/)H 


Ph7 8 

Pn 8 4 

Fh 8 4 

Mofnaent began 

IV 1 

1 7' 1 

1' 

Full recoTery 

26' 

19* 

8' 
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The comtMirative efficiency of aininoma tunl sodium hydroxide is also 
seen from the following experiment Fragments, after previous aeid treat- 
ment, were transferred to sea-water whose alkalinity had been raised to a 
known value by NaOH and by NH4OH 


Va 

Timo in minutes for full 

recovery in 

NH^OH I 

NaOir 


9 6 

i 1 

5 

9 2 

i 

7 

9 0 

k 

8 

8 7 


8-10 

8 S 

2 

10-12 

8 4 

6 

12-15 

— . 

— . _ _ 

_ . ^ 


The above figures all apply to fragments of the same gill after precisely 
the same acid treatment. The experiment was repeated several times with 
identical results 

It is therefore clear that the we<ih nruh which enter the cell are more 
efficient inhiJntore of ciliary movement than are the strong acids which do not 
enter readily, and conversely the loeak rdlcnhes arc much more efficient restoratnes 
than the strong alkalies. 

It is impossible to accept the suggestion that the normal activity of the 
ciliated cells is upset by acids owing to a disturbance of the cell surface. 
The physiological effects of both acids and alkalies depend upon the ease 
with which these reagents penetrate to the cell interior. It may be noted 
that another series of experiments showed that the presence of neutral 
electrolytes m external medium has but little effect upon the efficiency 
of eitfier acids or alkalies. 

It is important to note that the cilia come to rest in an and solution by a 
gradual diminution in the rate of the whole beat, without any reduction vn its 
amplitude. Both the effective and the recovery strokes become slower, and 
there is often a marked pause at the beginning and end of each stroke, 
BO that a complete beat may take a.s long as 10 seconds. It is difficult 
to imagine how this could occur where tliere is actual derangement of the 
contractile elements — since we would expect such to be attended by a 
gradual reduction in the amplitude of the beat. 

Again, the cilia invariably come to rest at the end of the effective stroke ; 
that is, in that position in which the oilium itself possesses no available 
potential energy. 

Interesting evidence is available from a study of spermatoeoa which are 
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known to poBsess a bmited amount of reserve chemical energy The efieot 
of acid on such cells is precisely similar to that on ciliated cells (Gray, 13) 
Cohn (6) has shown that when the movement of such spermatozoa has 
ceased in an acid medium there is no loss of energy,* the conversion of 
chemical into potential energy has ceased, and can be switched on again 
by removing the acid from the exteinal environment It iteems highly 
ptobable, theiefoie that the maiement of rilia is stopped in an acid medium 
because there is no longer n conveisioii of chemical into potential cnerepj 


(b) Metallic lon\ 

We have already seen that the ciha of Mi/tiliis beat normally in an 
aitificial solution containing NaCl KCl, CaClj and MgCl* and whose 
lijdrogen ion concentration is the same as sea- water On the whole, ciliary 
activity IS remarkably indejiendent on the absolute concentration of any 
particular ion or upon the exact ratio between different ions In an 
investigation of the effects of individual ions it is necessary to maintain the 
normal hydrogen ion concentration and also the concentration of other ions 
in the solution Further in making a comparison between the effects of an 
ion on ciliary and on muscular activity, comparison must be made to a 
spontaneously contractile muscle {c g , the auncle of the heart) These facts 
explain the diflerence m the conclusions arrived at in this paper, and those 
of Lillie (20) Hober (16) and Mayor (23) 

Experiments unth Potassium Chloride — If KCl be omitted from the external 
medium and its place taken by NaCl, the laieral cilia come to rest The 
time taken for the movement to cease vanes considerably m different gills 
In most cases movement slows down after 5-10 mmutes, and in less than 
20 minutes the cilia aie stationary In a few cases in which the lateral 
cilia showed very active movement before the experiment, movement was 
continued in the absence of potassium for as long as 45-60 minutes , move- 
ment recommences vigorously on the subsequent addition of potassium, or 
on the addition of a small amount of alkali sufficient to raise the Ph to 
about 8 5 It should be mentioned that in several oases the lateral cilia 
ceased to beat in normal sea-water after about hours, but on addition 
of a ahght amount of KCl, vigorous movement took place This may 
possibly be due to the tact that the blood of the animal contains a higher 
concentration of potassium than does normal sea- water, so that when isolated 

^ E G Martin (22) found that, in the presence of alkah, spontaneously beating strips 
of the ventricle of the tortoise gave out a constant total amount of energy for a unit 
mass of tissue 
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in aea-water the gill is in an environment which may have a sub-normal 
concentration of potassimn. 

In contrast to the lateral cilia, the fronto-lateral, the frontal and the 
terminal cilia beat normally for very long periods (more than 48 hours) in a 
solution containing no potassium 

This contrast is paralleled by the action of such a solution when perfused 
through the heart of different molluscs. In the case of Pecten Mines (25) 
showed that potassium could be omitted from the perfusion tluid without any 
derangement of the heart beat , on the other hand, the heart of the Octopus 
gradually stops in such a solution (Kleefeld, 17), and can be revived on adding 
potassium. 

If potassium is present in excess a similar contrast is found in its 
effects on the different cilia Until the concentration of potassium is raised 
to about ten times the normal value, little or no effect is noticeable upon the 
cilia, although there is a tendency for a rapid secretion of mucus of the 
surface of the gill, which may clog the frontal and terminal cilia Above this 
concentration iht fronto-lateral cilia are affected in a curious way — they pass 
into a state of contraction which persists for a considerable penod. At first 
the tips of the cilia remain bent at the end of the recovery phase of the beat, 
then a wave passes along a whole series of the cilia which accentuates this 
bend to a marked degree ; this is followed by another wave in which one 
cilium after another remains fixed in a completely contracted position (i.e., at 
the end of the effective beat). In this position the cilia often exhibit a 
curious quivering movement 

There is thus a regular “ staircase ” effect — similar to that found in the case 
of the heart. 

If the concentration of potassium has not been too strong, the cilia 
recover on transference to normal sea-water after about 16 minutes. Even if 
contraction of the fronto-lateral cilia is brought about by a solution in which 
the whole of the NaCl in the Yan’t Hoff solution has been replaced by KCl, 
it is noticeable that after about 45 minutes, the cilia begin to recover m the 
original solution, the amplitude of the beat getting gradually larger until the 
complete beat is resumed. The rate of the recovery in such a solution, or m 
normal sea-water, is greatly hastened by the presence of alkali. 

In all solutions containing excess of KGl, the beat and rhythm of the 
lateral cilia is well maintained and is often more rapid than in the normal 
gill ; the frontal and terminal cilia are either unaffected or boat more rapidly 
than normal. Here again the differential action of potassium on different 
tissues is clearly illustrated. 

Lillie and Hbber have both emphasized the maintenance of ciliary movement 
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in the presence of excess of potassium, and have contrasted this with 
the depressant effect of such an excess on skeletal muscle. In view the 
effect of KCl on the fronto-lateral cilia m preventing the recovery beat, it is 
interesting to note that this is also its effect upon skeletal muscle, viz., the 
latter is thrown into a state of prolonged contraction (Mines); the same 
thing occurs in the vertebrate heart (Burridge, 3). 

The recent work of Kolm and Pick (18) on the effect of potassium on the 
heart brings out clearly three points • (i) the marked quickening effect on the 
automatically contractile auncles and sinus , (ii) the differential action on 
different tissues in the same organ, viz , auricles, ventricle ; (iii) the prolonged 
contraction which is caused by high concentration of potassium . the con- 
traction eventually passing off in the presence of the same perfusion fluid. 

As far as I am aware there is no evidence against the view that in the case 
of automatically contractile tissues the effect of low concentrations of 
potassium salts is to increase the rate of movement, while stronger concen- 
trations cause a prolonged contraction which is not, however, permanent. 

The relative immunity of cilia as compared to a muscle cell to potassium is 
probably due to the fact that the latent peiiod of the odium is very much 
less than that of the average muscle cell, so that an environment which 
throws the latter into tonic contraction by increasing the rate of activity of 
the cell, has much less effect on the cilia. 

The Effects of the Sodium Ion . — ^We have already mentioned that the 
absolute concentration of Na can be raised considerably without deranging 
ciliary movement. If the concentration of CaCIi, MgCli, and KCl be kept 
constant, and the sodium chloride replaced wholly by isotonic saccharose, 
ciliary movement is well maintained for several hours. 

It seems reasonable to conolnde therefore that the sodium ion plays no 
speoifio rdle in activity — although it probably enters into the conditions of 
the general equilibrium within the celL 

The Effects of the Magnesium Ion . — If magnesium be omitted from tire 
Yan’t Hoff solution, and its place taken by an appropriate amount of calcium, 
ciliary action is well maintained for many hours (more than 48 hoars). 
Within wide limits a variation in the concentration of magnesium in the 
medium has little effect upon the form or rate of beat of the terminal 
cilia. 

This fact is in accordance with observations upon the heart of the Octopus 
(Frederioq), the arms of Lepas (Mayer), and the heart of Salpa (Mayer)— 
all of which are insensitive to an absence of magnesium. The sensitivity 
of the heart of Pecten (Mines) is doubtless correlated with its high sensitivity 
to hydrogen ions (Mines). 



The Mechanism of Ciliary Movement. 115 

In a subsequent paper, however, evidence will be presented which indicates 
that magnesium plajs an important rdle in the economy of the cell 

The affects of the Calcium Ion — If calcium be omitted from the external 
medium, and the other conditions be the same as in normal Van’t Hoff 
solution, prolonged ciliary movement takes place. The effect of the absence 
of calcium is, however, seen m the increased sensitivity of the cell to 
hydrogen ions. This is seen in the following experiment — 

(Duration of morenicnt in 

__ __ 

Van’t Hoff aolution, . Van t Hoff solution, 
containing oalcium without calcium 

7 S I More than 48 hours More than 48 hours, 
j 7 0 I More than 48 hours IS 4S mins 

If, after the cessation of movement m the absence of calcium, the alkahnity 
of the solution be raised, rapid recovery takes place. If, on the other hand, 
calcium is added, the amount of recovery, at least for a time, depends upon 
the time which has elapsed between the cessation of movement, and the 
addition of the calcium. If the time is short, rapid and complete i-ecovery 
takes place within 1 minute. If the time be prolonged, the recovery, on 
addition of calcium, is slow : the amplitude of the beat is regained almost 
at once, but the rate of both the effective and recovery strokes is slow, 
and there are often marked pauses at the beginning and end of each stroke. 
The w^ole phenomenon recalls the effect of acid, and one might conclude 
that the effect of the absence of calcium is possibly due to a change in the 
cell produced by a change in the hydrogen ion concentration. 

The'cessation of movement in the absence of oalcium, and the recovery 
of movement on the addition of calcium or hydroxyl ions, is paralleled by 
the reaction of such solutions on the heart. 

(o) The Effect of varying the Osmottc Presmre of the Surrounding Medium,^ 
Although the cilia are not sensitive to slight changes in osmotic pressure, 
yet, if this exceeds a certain value, the cilia are rapidly brought to a com- 
plete standstill. On reducing the osmotic pressure, instant and complete 
recovery takes place. These foots are extremely easy to demonstrate, and 
can be repeated a great many times with the same piece of gilL 

It does not matter whether the increase in osmotic pressure is brought 
about by the addition to sea-water of non-eleotrolytes or by balanced 
electrolytes {e.g., 2^ M. Van’t Hoff solution). In a solution which is hot 
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quite strong enough to cause complete stoppage, it is noticeable that a 
reduced movement is maintained for a very long time (more than 24 Iwurs) , 
in such a solution the amplitude of the beat is much reduced, whereas the 
rate of beat is almost unaSected. In a solution which is strong enough 
to cause complete stoppage, the cilia remain in the position shown in the 
accompanying diagram (fig. 6), so that they are unusually conspicuous 



Fro 6. — Diagram illustrating tlie appearance of the teiiiiiiml cilia of when 

brought to rest by high osmotic pressure of the extei nal medium. The arrow shows 
the direction of the normal effective beat 

It is important to notice that the stoppage of the cilia in hypertonic 
solutions is brought about in an entirely different waj to the stoppage in an 
acid solution, and it is therefore not surprising to find that the stoppage in 
hypertonic solutions is not influenced by the presence of hydroxyl ions, nor 
is the effect of an acid solution altered by reducing its osmotic pressure. 

The effect of hypertonic solutions on muscular activity has not been 
extensively studied, but Demoor and Pbillipson (7) have shown that the 
skeletal muscles of a frog lose their excitability to a direct stimulus when 
immersed in hypertonic Binger solution; the muscles shorten somewhat, 
and the response is gradually abolished. These effects are entirely reversed 
by treatment with normal Ringer solution. Carlson (4) also found that the 
rate of beat of the auricles of the tortoise is unaffected by perfusion with 
hypertonic Bmger solution; the amplitnde was, however, much reduced — 
and recovered in normal Ringer. 

The fact that the amplUvde of the beat ta affected by an mereaae in the 
ostnotic pressure of the external medium seems to indicate that a loss of water 
from the cell interferes not with the periodic liberation of energy ^ hd with the 
actual contractile mechanism. 

IV. Summary and Discussion. 

Let us now review the whole of the available facts, and attempt to form a 
working hypothesis of the nature of the oiliaiy mechanism. We have seeb 
that the ciliated cells Jfyiilus provide an example of an automatically 
contractile tissue ; they differ from cardiac or smooth muscle in that their 
latent period is extremely short, and the rate of beat very much quicker than 
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correapondmg muacle cell. The cilium la eaaeutially uti elastic fibre iii 
communioation with and deixnidont upon the protoplasm of the coll.* Tlie 
oiliiim is capable of atoniig potential energy (supplied to it from the cell) in 
the form of tension, and of liberating this energy in the foim of work. The 
amount of tension develojied depends on the existence of free water in the 
cell. The rate at which the energy la stoied and libei-ated by the cilium 
depends upon the hydrogen ion concentration of the cell interior. Whereas 
the rate of movement of the cilium depends almost completely upon the 
concentration of hydrogen ions inside the cell, it is largely independent of 
the presence of specific metallic ions (except in certain cases potassium) in 
the external medium. 

A suggestion as to the way in which chemical activity within the cell may 
lead to the development of a tension in a fibrous structure (in the presence 
of water) is provided by the expenments of Fischer and Stnetmann (9). 
These authors have sliown that, if a piece of catgut, suspended in water, 
comes into contact with an acid, the fibre absorbs water and develops a 
considerable tension The same phenomenon occurs in the presence of an 
alkali. In this experiment the essential conditions are ; (i) the liberation of 
a chemical (acid or alkali) on the siiiface of n fibre , (a) tlie presence of water. 
These facts form the basis of an hypothesis of muscular actions, but they 
can be applied with equal force to the ciliary niechanisin. In the case of the 
muscle hbre, the produotion of an acid (lactic acid) during stimulation has 
been demonstrated If the same fact be assumed to be true in the ease of a 
cilium, then many of the facts stated in this paper receive a reasonable 
explanation. The rate at which lactic acid is produced from its carbohydrate 
precursor depends upon the hydrogen ion concentration of the medium 
(Kondo, 19) Hence, the rate at which chemical eneigy can be converted 
into ^tential energy will also depend upon the hydrogen ion concentration 
of the cell interior It is therefore clear why the rate of the recovery stroke 
of the cilia of MyHut is aflfected by acids which enter the cell. By our 
hypotiiesiB, at the end of the reooveiy stroke the oilium possesses potential 
energy, owing to the stress set up in its elastic structure by the tension, of 
those fibres at whose surface an acid is situated. This potential energy can 
only be liberated by the relaxation of the fibres ; that is, by the removal of 
the acid. The rate at which the acid is removed will depend upon the 
degree of alkalinity of the surrounding cell contents. In other words, an 
explanation is available for the effect of acids and alkalies on the rate of the 
eSbotive stroke of the cilium. 

* Th« truth at this statement can be seeh by reference to meat text-books of histology, 
or to the work of Saguohi (28). 

VOL. xcni.— B. X 
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The alteration in the length or teueion of a fibre exjioBed to acid depends 
upon the concentration of saltw preHont (Fischer), or on the ease with which 
water can lie drawn from the surrounding fluid Hence, when ciliated cells 
are exposed to a solution whose osmotic pressuie is capable of withdrawing 
a considerable amount of water from the cells, the amount of tension, set up 
by a normal amount of acid at the surface of the fibres, will be reduced , 
consequently, in solutions of high osmotic pressure, the amplitude of the 
beat is affected, and the cilia stop when the amount of free water is zero. 

The above conception of the ciliary mechanism lias two advantages : (i) it 
does not endow the ciliuni with any hypothetical structure ; (ii) it brings the 
mechanism into line with what is known of other contractile tissues. There 
18 , howevei, one corollary to the hypothesis which applies equally to cilia and 
to muscle cells. If the hliemtion of an acid at the surface of the ciliary 
fibrils enables the cihum to stoio potential energy and perform the recovery 
stroke — then, when ciliary activity ceases in the presence of an expenmental 
acid, we must assume that the latter acid does not come mto contact with 
the contractile fibrils, since the cilia come to rest with the fibrils relaxed. 
When, however, stronger couceiitiations of acid are used, the cilia stop 
partly (in some cases almost completely) contracted, and occupy a position 
near the end of the normal recovery stroke (see fig. 7). We may well 



Fio. 7.— Diagram illustrating the effect of acid on the terminal cilia of 

(a) With acid jiiet strong enough to stop cilia ; note all the cilia stop at the end of 
th« effective bmt (h) Acid of considerably greater strength ; note the dlia oome 
to rest between the two phases of the recovery stroke, (o) and (cf) Portions 
at beginning and end ef the normal effective stroke. 

suppose that in this case the experimental acid has reached the oontractile 
fibres. Precisely the same phenomena are found in the heurt: weak 
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concentrations of acid stop the heart in diastole, stronger concentrations 
stop it in systole. 

Finally, if the cilia of PUurobi'ochia are considered, it will be obvious how 
very closely the known facts agree with the hypothesis of muscular action 
outlined by Hill and Hartree (15). The position of rest of these cilia is 
at the end of the recovery stroke, so that (like a striated muscle fibre) they 
possess a definite amount of potential energy, which can be released at the 
moment of stimulation. The ciliura may be regarded as a series of fibres, B,* 
which are in communication with a network, A : the walla of the latter 
are kept stretched by the presence of water in the interstices of the 
network. It is this turgidity which provides the cell with the potential 
energy possessed at the position of rest At the moment of stimulation, 
some chemical substance is set free at the suiface of the fibres, B, which 
promptly take up water from the network, A, so that the odium flies 
forward, owing to . (i) the liberation of the energy stored in the walls of A , 
and (ii) the tension developed in B. At the end of the effective stroke, the 
chemical substance is lemoved from the fibres, B, and the water flows away 
from the fibres (e,g,, by osmosis) into the interstices of the network. A, 
thereby stretching the odium back to the resting position. 

It should be understood that the above analysis of the ciliary mechanism 
18 nothing more than a working hypothesis. At the same time the remark- 
able similarity between the conditions necessary for ciliary and muscular 
activity, coupled with the apparent similarity in the fibrous structure of the 
two types of cell, leads to the conclusion that the two mechanisms may be 
essentially similar. It is also clear that the same scheme might be applieil 
to pMudopodial movement. 

Sfummary of ExpenTMntal BmUts. 

1. The odium is capable of expending potential energy in the form of work 
as long as it is m oiganio connection with the cell protoplasm. 

2: Each oUiated cell of MytUua is capable of independent movement when 
isolated. The cilia of the Ctenophore Pleurobrachia require a definite stitaidus 
to induce their beat. Both types of cilia show metachronial rhythm. 

3. The cilium is an elastic fibre or bundle of fibres. In the laige majority 
of oases the cilia are in communication with the cell protoplasm by means of 
intracellular fibrilln. 

4. The ciliary beat consists of a rapid effective stroke and a slower recovery 
stroke. The form of the recovery stroke often diffbrs markedly from the 
effective stroke. 


* The fibrous nature of theao dlia is well teen in preserved speoimi 
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During the former the cilinm resembles a slack string or hbre, whereas 
during the effective stroke its rigidity is distinctly greater. > 

6. When exposed to an acid solution of appropriate strength the cilia of 
Mytilus come to rest by a gradual slowing of the whole beat * the amplitude 
of the beat is not affected. The cilia always come to rest at the end of the 
effective stroke, i.e., in the position in which the oilium possesses no convertible 
potential energy. 

The cessation of movement in an aoid solution is due to a change which 
takes place inside the cell, and not at its surface. Evidence is advanced 
which suggests that the presence of acid prevents the conversion of chemical 
energy into kinetic energy. 

The effect of acid is entirely reversible by alkalies The rate of the beat is 
most simply controlled by controlling the hydrogen ion concentration within 
the cell , up to a certain point the higher the internal alkalinity the more 
rapid is the ciliary beat 

6. Under normal circumstances the activity of the lateral cilia depends on 
the presence of potassium ions. This effect is probably due to the general 
effect of tl:\p ion in quickening the beat, which leads m the case of the /ronio- 
lateral cilia to a state of prolonged contraction when potassium is in excess. 

7. Ciliary activity is not sensitive to change in the concentration of 
magnesium or sodium in the external medium, although these ions play a part 
in the general equilibrium between the oell and its environment. 

8. The absence of calcium ions may bring about a cessation of ciliary 
movement, which is antagonised by hydroxyl ions. 

9. The reaction of cilia and of muscles to the various chemical constituents 
of their environment is essentially the same. The apparent differences are 
due to : (i) the greater sensitivity of most muscles as compared to cilia ; (ii) the 
cilia have a much shorter latent period than most muscles ; (iii) a ciliated oell 
cannot be regarded as directly comparable to a neuro-musoular system. 

10. Cilia are brought to rest if the osmotic pressure of the external 
medium exceeds a certain value. The stoppage is brought about by a gradual 
reduction in the amplitude of the beat. These effects are entirely removed on 
reducing the osmotic pressure. 

11. An hypothesis is put forward that the mechanism of ciliary movement 
is essentially the same as that of muscular movement 


The expenses of this research were in part met by a grant from the 
Government Grant Committee of the Boyal Society 
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The Mec/uinism of Ciltcury Movement. FI. — The Effect of hma 

on the Cell Memh'ane. 

By J. Gray, M A., Fellow of King’s College, Cambridge, and Balfour 
Student m the University of Cambridge 

(Communicated by Prof. J S. Gardiner, F.E.S. Received October 7, 1921.) 

In 1906 K. S Lillie (7) published an account of the effects of various 
pure sodium salts upon the ciliated epithelium of Mytilm eduhs. He found 
that the ions could be arranged m the following order of “ toxicity,” 

or < NOs' < Br' < I' < SON'. 

Lillie also referred to the effect which various anions have upon the 
amount of water taken up by the cells from their external medium, and 
arranged the ions m the following order of efficiency in causing an absorption 
of water by the cells 

CHjCOO' < Cl' < NOs' < CIOs' < Br' < I' < SON' < BrOs' < OH'. 

These results form the basis of the following statements found in recent 
text-books, viz., Hober (6) and Bechhold (1) • — 

(i) That the above series represents the effect of anions on ciliary 
movement. 

(li) That the order in which anions affect ciliary movement is the reverse 
of that in which they affect muscular movement 

One of the objects of the present communication is to consider whether 
these important statements are justiffed. 

It has already been shown (Gray (3)), that if tho ciliated epithelium of 
Myt'diu edulis is placed in a solution containing NaCl, KCl, CaCls and 
MgClf, the whole tissue remains normal and in activity for a very prolonged 
period. If we wish, therefore, to determine what specific r6le, if any, is 
being played by the chlorine ion, it is necessary to replace this ion in the 
above solution by other anions. It is not permissible to use a solution 
which does not contain either K’, Ca”, or Mg", nor is it permissible to 
ignore the hydrogen ion concentrations of any experimental solution 
(Gray (3)). 

In the expeninents tabulated in Table I, each solution contained the same 
molecular concentration of cations, and the hydrogen ion concentration was 
kept well within the limits to which the tissue is indifferent. 
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Table I — The Effect of Mixtures of Na K Ca and Mj? upon the Move- 



ment of the Toiminal Cilia of Mytibui 



Tune 



80 mint 1 hour j 2 hours | 3 hours j 

Ts 

Ohlondea 

Normal move Normal movemaut no absorption 

meat no 1 of water 

absorption of ' 

7 S 

Nitratoii 

Normal luoveiiient no ibiiurption of water 

7 H 

ludidoa 

Verj rapid movement Normal movement uo 

DO absorption of water absorption of water 

8 0 

Broniidei 

Normal movement no absorption of water 

7 8 

Acetate! 

Normal movement no absorption of water 

7 <1 

Snlphatet 

Verj rapid movement Normal movement no absorption 

DO absorption of water of water 

8 0 

Tartrate* 

Normal | Slow Ver^ slow No movement 

moiement | movement movement] 

No abeorption of water 

7 8 

Citrates 

No movement no abeorption of water 

i L!_ 


Such exi)eruaentu shew quite clearly that in a solution containing 
balanced cations, the substitution of the normal anion chlorine by NOg' 1 
Br', Ac', or SO/' is not attended by any interference with either the 
activity of the cilia or the amount of water taken up by the cells It is 
possible that in the case of the iodide and sulpliate mixtures there is 
an actual increase in the rate of beat of the ciha, although the observed 
effects may possibly be due to the slightly higher hydioxyl ion concentration 
of these solutions 

la considering the possible siguihoance of the cessation of nioveiueiil m 
balanced solutions of tartrates and citiates we are confronted with a purely 
chemical problem Cedcium tartrate and calcium citrate are both very 
sparingly soluble m water, the same statement apphes, though to a less 
degree, to the magnesium salts. When, however, these salts are added to a 
solation of the corresponding sodium salt, they dissolve to a very marked 
extent The suspicion arises that in making up a physiological mixture 
of tartrates or citrates, the metals magnesium and calcium are not present 
as free ions This suspicion seems justified by the foUowmg facts When 
sodium phosphate and ammonia are added to a saturated solutaon of 
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magnesium citrate in water, a definite precipitate of magnesium phosphate 
is formed. It, however, sodium pliosphate and ammonia are added^o a 
solution of magnesium citrate in sodium citrate, no precipitate is formed, 
although a considerable amount of magiiosium is in solution. We may 
conclude, tlierefore, that the inability^ of tartrate or citrate mixtures to 
maintain the noimal equilibrium of ciliated cells may prove to be due to 
the absence of free magnesium and calciuui ions and not to the direct eifect 
of the anions (Jontirmation of this view will be given later in this paper. 

As far as I am aware, the only satisfactory mvestigation of the effects of 
anions on other living pioceases is that of Sakai (9) on the heart of the 
frog. This author used solutions containing balanced cations, but does not 
refer to their liydrogen ion concentration. His results may bo summarised 
as follows ; — 

1', Br', NO 3 ' Beat well maiiitained, even fastei than normal, 

ur Nonnal. 

S0«" Beat well maintamed, after initial slowing 

Cit'" .. liate steadily falls and finally heart stops. 

Tliere is cleaily no fundamental difference between the effect of aiuoiis 
on ciliary and on muscular activity. Both types of tissue are remarkably 
ludiffeieut to wide variations in the nature of the anions in the external 
euvironmeut. 

(b) The Effects of Solutions of Pwte Sodium Salts 
Wheieas lu a solution of a sodium salt contaimng K', Ca , and Mg", the 
ciliated epithelium is remarkably indifferent to a variation in the nature 
of the anions present, yet in a solution of a sodium salt, which does not 
contain other cations, the tissue shows a very marked sensitivity to par- 
ticular anions. Table II shows the general course of events 
It will be seen that the salts can be divided into two main groups : 

A. Those salts which cause the cells to swell up by the absorption of 
water CT < , NO 3 ' < , Br' < , 1' , 

B Those salts which do not cause the cells to swell. SO*", Tartrate, 
Citrate ; 

while the acetate forms an intermediary type. 

It is also clear that these solutions cannot indicate the direct eflbct of the 
environment on the contractile mechanism ; their effect on the cell is of a 
more general nature, and the oonteaotile mechanism is only secondarily 
inrolved.* 

* Offia often reiuaia active when the procees uf absorbing water is relatively far 
advanoed. 



125 


The Mechnniam qf Ciluiry Movement. 


Table II. — The Effect of Pure Sodium Salt Solutions upon Ciliated 
Epithelia. 




Time 






Ph 

Anioa. 

80 min*. 

1 hour 

2 hours 3 hours 5 hours. 

ChlonUe 

Some cilia 
active A litde 
nwelling 

Cell* conuder- 
abty swollen 
Some cilia 
deetroyed 

Tissue disorganised j 

Cells much swollen 

Cilia destroyed 

7 8 

Nitmla 

A few oiiia 
active Mott 
cell* begin to 
■well 

Cell* miiUi 
.•wollen Few 
oilia left 

Tissue diiorgonised 

Celle much swollen 

Cilia destroyed 

7 8 

Bromide 

A few cilia 
active Mo*t 
cell* be^ to 

Celle much 
swollen Fea 
cilia left 

Tissue disorganised 

Cell* much swollen 

Cilia destroyod 


Iodide 

Nearly all 

1 celli markedly 
[ twollen 

Tissue disorganised 

Cells much swollen. i 

Cilia destroyed. 

' 8 0 

1 . 

Acetate 

^ No movement 
Oelli normal 

No movement Cells slightly swollen 

1 7 9 

Sulpbate 

No inoTemeot ceUs do not ftweU Tomatu healthy 

ID appearance 

8 0 

Tartrate 

No inorement oelb do not swell OUu remain healthy 
in appearance 

7 8 

i 

Citrate . . 

No movement oell* do not swell Cilia remain healthy 
in appearanoe 

7-8 


The effecte of the various sodium suits upon the loater-contmt of the cells u, 
precisely what one would expect from the ejects of the same salts on the water- 
content of such non-living colloid gels as fibrin or gelatine Such gels swell 
readily in the presence of hydroxyl ions, but the uptake of water is affected 
by different salts in precisely the same way as we have found for ciliated 
cells. 

Now, during hfe the interior of the cell is always more abid than the 
external medium ; although at the same time it must be remembered that 
the cell colloids are on the alkaline side of their isoelectric point Hence, 
if the cell interior is allowed to come into contact with the external medium, 
the amount of water taken up at any particular hydrogen ion concentration 
will depend upon the nature of the anions present in the medium. This 
is seen above actually to be the .case, when the ceMs are put into pure 
solutions of sodium salts. It is not the case when the cells are in a solution 
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coutaining balanced cations. In the latter type of solution the hydroxyl 
ions outside the cell cannot penetrate the cell, nor can the anions onteide 
the cell exert any influence upon the uptake of water by the cell. Such a 
condition of affairs is obviously due to the semi-permeable nature of the 
normal cell membrane. The infeience to be drawn is, of course, that when 
placed ip. a solution of a pure sodium salt the observed effects are the direct 
outcome of the loss of semi-permeability by the cell membrane. Direct 
proof of this statement is provided by a deteimiuation of the electrical 
conductivity of normal tissues placed in pure sodium salts 08terhout(8) 
showed that the electrical resistauce of Larntnarui tissue placed in sodium 
chloride solution fell steadily, until il was one-third of its oiigiual value , 
Gray (4) showed that sodium citrate caused a marked fall m the resistance 
of Echinoderm eggs, and quite recently Shearer (11) has shown the similar 
ettects of sodium chloride on bacteria 

(c) The Natvre of the (Jell Memin'ane. 

, Lilbe(7) showed that the toxic effect of pure sodium salts is prevented 
by the presence of the alkaline earth metals. This has l>een confirmed and 
the statement can be somewhat enlarged. In the first place, either 
magnesium or calcium can prevent the destructive action of a pure sodium 
chloride solution upon the cell-mem bi-ane, or, as is perhaps the more correct 
mode of expression, the presence of mwjnesium or calcium is necessary 
for the semi-permeable properties of the cell membrane. Since both calcium 
and magnesium occur in sea-water, it is of importance to determme, if 
possible, which of these two metals maintains the normal stability of the 
cell surface. * 

In the following experiment the concentration of each salt was the 
concentration in which it normally occurs in sea-water.* 

NaOl Fh 7 *0 Oumptota diuntegration after 8 bonn. 

NaOl + OaOlf Ph 7 O No (Utintegration after 24 honrt. Some oflia 

deetro;^, and aome filamente separated from 
their neighbours 

NaCl + MgOl) Pk 7 •0 Tissue quite healthy, but eilia motionless after 

24 hours 


It is clear that the amount of magnesium in normal sea-water is alone 
capable of maintaining the cell-surface: at the same time the amount of 
calcium is also suffloient to produce a very well-marked stabilising influence. 
In the solution which contains only calcium and sodium in their normal 

* The eompoation of the eea- water used was Nad, K’Z grs. per litie ; KCS, 0*76 grs. 
per litre ; MgCn„ &-01 gra per Utare ,- CaOlt, I'SS gra per litre. 
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oouoeutrations, the tisaue does not reiuoin so healthy as in that containing 
magnesium and sodium , in the former solution there is a distinct tendency 
for the finer cilia to become opaque and detached from the cell; this is 
particularly the case with the small cilia on the ciliated junctions, so that 
individual gill filaments show a distinct tendency to separate from each 
other (see Gray (3)) Interesting facts concerning the action of calcium are, 
however, available from a study of cells whose normal semi-perineability 
has been destroyed by immersion in those sodium salts which prevent the 
uptake of an abnormal amount of water by the cell When ciliary move- 
ment has ceased in sodium citrate, the cilia and the tissue appear quite 
healthy and translucent. On transference to normal sea- water, howevei, 
the cilia at once become opaque, and are completely destroyed , at the same 
time there is a rapid uptake of water by the cells which swell up in the 
usual way. If, on the other hand, the tissue (after initial (Utrate tioatinent) 
be placed in sea-water containing no calcium, the cells and cilia remaiu 
quite healthy, and complete recovery of movement takes place, although 
the rate of beat is usually slower than the normal , after a time the rate 
of beat falls off, but can lie revived permanently by adding calcium. The 
same recovery from sodium citiate treatment can be effected by treating the 
tissue with any solution containing magnesium but no calcium The same 
experiments can be perfonned with tissues previously treated with sodium 
sulphate or sodium tartrate It is clear from numerous experiments that 
magnesium is the only ion in sea-water which will re-form a semi-permeable 
membrane round a cell which has lost this structuie by exposure to a pure 
sodium salt 

At this point it is interesting to note that calcium has a double action 
on ciliated cells : (a) It is capable of maintaining the cell surface in a normal 
state'-of semi-permeability , (b) it is necessary for continuous movement m 
a solution of Pn 7'0 (see Gray (5)). In the first of these functions calcium 
can be completely replaced by magnesium, but cannot be so replaced in 
the second. 

The destiuctive effect of sodium salts upon the cell membrane is shared 
by other monovalent cations, although to a variable extent In the case of 
the chlorides, there is little difference between Na , NHi", and K‘, while 
the effect of Li' is considerably less. In the case of other salts, ey., tartrates 
and citrates, the erosive power of the potassium salts appears to be distinctly 
less than that of the correspondmg salts of sodium. Pure solutions of 
m^piesium and calcium salts have no erosive action for a considerable time 
(six to eight hours), after which thp^ cell paembranee begin to be affected. 

It is curious to notice that mi^esium has little or no stabilising action 
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against the etosive power of potassium, whereas caloium has a well-marked 
action It is conceivable that this fact may ultimately be correlatecTVith 
the observation that calcium and potHSsnini aie mutually inhibitory in the 
case of certain tiesiles , also, if the cell surface be normally maintained by 
magnesium, then it is possible that potassium may lie able to penetrate 
under normal conditions whereas sodium does not. 

Since we can control the destructive effects of tho monovalent salts by 
means of magnesium and calcium, it is mteiestmg to note that the direct 
action of the different monovalent ions upon the ciharv meohanism forms a 
well-marked series. 


In the following experiment the monovalent salts were present in the 
molecular concentration of the sodium in nonnsl sea-water , the divalent 
salts were in the same concentration as they normally occur in sea-water : — 


Solution 


MuCl (. 
NH,Cl, MgCU, CftC'l, 
MgCl., CaCL. 


Movement of terminal cilia 


2' I ft' 10' I 20' .W I 00' 



0 no moiement 
+ + •• normal rate of best 
+ + 0 “ quicker thon normal 
f 4- -r o very rapid beat 


Apart, therefoie, Irom their action on the cell-wall, liie niunovaleut ions 
exert a delinite efieot on the rate of beat of the cilia. The order in which 
the various ions increase the rate of beat is well marked, and is as follows ; — 
Li<Na<NH«<K. 

Hie stoppage of the cilia in the lithium mixture is of the same nature as 
that observed in acids (Qray(5)), and it is not surpiismg to find that by 
raising the alkalinity of the lithium mixture, a rapid and well-maintained 
beat takes place. 

The fact that the presence of potassium induces a more rapid rate of 
beat than a corresponding amount of sodium enables ns to test whether the 
normal seinipenneability of the cell membrane is essential to ciliary aotivity 
or not. The experiment can be performed as follows : — Gill fragments are 
placed in an isotonic solution of sodium citrate until all movement has 
ceased. Individual pieces are now placed in the following solutions and 
their behaviour noted 
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M/2 NaCl Ph 7 S 

Sva-mater !*h 7 8 

M,2K('l Pk 7 H 


No reooTory Cilia remain healthj, but oetli 
abtorb water rapidly 

Cilia at onoe become opaque Cells rapidly 

Marked reoorery of beat reeorery is temporary, 
and cells rapidly swell 


If, whilst the penod of recovery m M/2 KCl is well marked, the gills 
are transferred to sea-water or to any solution containing calcium, the cilia 
instantly become opaque, and the cells swell rapidly. It is clear, therefore, 
that although such cilia may beat rapidly in the presence of potassium 
chloride, yet the semipermeability of the cell-wall has lieeii entirely 
destroyed by the previous treatment with sodium citrate The only metal 
capable of re-stabilising the cell- wall is magnesiuni. 

A further study of this problem obviously leads to a consideration of the 
nature of the cell-membrane itself, and although our knowledge is very far 
from complete, interesting analogies may be pointed out in the case of non- 
living systems. One of the most characteristic features of cell-membranes 
is their capacity foi allowing weak alkalies and acids to iiass into the cell 
and yet exclude the strong alkalies and acids. These facts have, of course, 
led to the suggestion that the cell-membrane is essentially hpoid in nature — 
or that, at least, it contains a lipoid phase. Now Clowes (2) has shown 
that the nature of an oil and water system depends upon the nature of the 
ions present in the system. The truth of this statement may be very 
simply verified as follows . — Into five test-tubes ai-e placed 10 o.c of olive 
oil containing a httle oleic acid, and an equal volume of test solution, 
together with 0-5 c.o. N/lONaOH The tubes are then thoroughly shaken 
by hand, and examined after about five minutes. 

Clhwes maintains that a system of water-drops in a continuous phase 
of oil may be converted into a system of oil-drops in a watery phase by 
means of sodium chloride. It must be pointed out, however, that grave 
dififioulties attend the suggestion that the surface of the cell possesses a 
continuous oily phase ; nevertheless, these experiments indicate the possible 
mode of operation of bivalent metals on the cell-surface, if the latter in 
any way resembles an oily emulsion. 

In some ways an even closer analogy to the experiments described in 
this paper is provided by the experiments of Schryver(lO). This author 
has shown that when a 2 per cent, sodium cholate solution is heated in the 
presence of calcium a gel is formed. This gel is eroded by solutions of the 
salts of monovalent ootions, but is completely stable Nrhen in contact with 
a solution of balanced monovalent and divalent canons. The erosive power 
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lahk III 


iMt tube 


1 ) 


leHt tolutioii 

10 0 o diNtiilel Hfcter 


Nature of roanlting »yi«t,em 


uuifonn milk nhite emulsion of oU drops 

Discontinuous phase — Oir 
Continuous phase — Watbk 


10 e t M 2 Na( 1 

10 cc M/lOMgU 


Tm phases separate o it in equal Tiliiiues — 
(i) Water almost free of oil 
(u) till ilinost free of water 


A iirtifimi greasy emulsion of water drops 
in oil 

lliscontinuous pliase — W atkb 
( outiiiuous phase— O il 


10 CO M lOCat4 


Same as C 



Two phases separate - 

(i) A large rolume of water drops in a con 
tinuotts oil phase 

(n) A small volume of oil drops in water 


of the monovalent ions deiiends upon several factors (a) their concentra- 
tion, (2i) the salts existing m the gel In concentrations equivalent to those 
used m the present senes of expenments (vir about M/2), the erosive 
power of LiCl is much less than that of Na or K A study of Schryver’s 
results shows that the analogy between them and the expenments here 
desonbed is strong It remains, however, to be proved that such a system 
as a oholate gel possesses the same semipenneable properties as a living 
membrane 

Summary 

(i) The ciliated cells of MyiiXva edvlxs are insensitive to the followmg 
anions • 

CT, NOs', Br' I', Acet , SO4", 

as long as the normal equilibnum of the cations Na K Ca and Mg is 
maintamed in the surrounding medium 

(u) In solutions containing tartrates and citrates, the bivalent metals 
Mg and Ca are probably not present m the ionic state, and the cells 
Iiehave ns though these metals were absent 
(m) There is no justihoation for the statement that the order in winch 
amons affect ciliary motion is the reverse of the order in which they affect 
muscular movement 

(iv) Pure solutions of sodium salts destroy the normal senupermeable 
nature of the cell-membrane, and the cell colloids behave as an elastic gel 
ta direct contact with the external medium 
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(v) The action of sodium salts can be inhibited by magnesium or by 
calcium. Probably in normal sea-water the stability of the cell-membrane 
IS duo to magnesium and not to calcium. 

(vi) In balanced solutions the monovalent cations have a direct effect 
upon the rate of ciliary movement. The rate of movement in solutions 
of the same hydrogen ion concentration is slowest in lithium and fastest 
in potassium. The ions can be arranged in the following well-marked 
senes : — 

Lr, Na-. NH4 , K . 

(vii) The normal semipermeability of the cell-wall is not an essential 
condition for ciliary movement. 

(vui) The way in which solutions of the different metals affect the cell- 
surface is in complete agreement with the effect which they produce on the 
electrical conductivity of the cell. 

(ix) There is a marked analogy between the action of salts on the livin g 
cell-membrane and on a cholate gel, or oil and water emulsion. 

The expenses of this research were in part met by a grant from the 
(xovemment G-rant Committee of the Royal Society 
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On the. Hypertrophy of the Interstitial Cells in the Testicle of the 
Guinea-Pig under different Experimental Conditions. 

By Alexander LipschUtz, M,D, Pi-ofeaaor of Physiology (in collaboration 
with Bknno Ottow, M.D., Charles Wagner, Sc.U , and Felix Bobmann), 

(Communicated by F. H. A. Marshall, FR8. Received October 11, 1921.) 

(From the Physiological Institute of the University of Dorpat, Estbonla.^ 
[PLATICa 1 AND a.] 

I. 

Quantitative problems are, no doubt, of the greatest theoretical and 
pnictioal interest in the study of the internal secretion of the sexual glands. 
We are explaining different physiological and clinical situations by changes 
in the quantity of internal secretion of the sexual glands or of other glands 
of internal secretion connected with the foimer. It sufHces to mention 
normal puberty, menstruation and gravidity, eunuchoidism and pubertas 
preecox. Quantitative problems were already discussed when the first steps 
were made in the study of the question of the site of the internally secretory 
function of the sexual glands (1) Bouin and Ancel(2) tried to cause by 
different experimental means a compensatory hypertrophy of the interstitial 
cells of the testicle , they extirpated the testicle in rabbits on one side and 
ligatured the vas deferens on the other side , they found a proliferation of 
the interstitial cells, whereas the number of the cells of Sertoli remained 
unchanged. Further, they extirpated the normal testicle of pigs with 
unilaterally retained testicle (3). They found in these experiments that 
the weight of the retained testicle was about twice as much as when the 
normal testicle was present They found also in these cases a marked hyper- 
trophy of the interstitial cells. Sand (4) confirmed these statements in his 
experiments on rabbits and guinea-pigs using his method of experimental 
cryptorchism. . From ail these experiments one could conclude that the 
hypertrophy of the interstitial cells takes place as a compensatory hyper- 
trophy of the elements acting as an organ of internal secretion. 

But there are some objections one can make against this oonoeption. 
Bibbert (6) has shown that after unilateral castration the remaining testicle 
is greater than normally, and that there is a marked hypertrophy of the 
seminiferous part of the testicle. From experiments performed in our 
laboratory, we oan state (6) that the hypertrophy of the remaining testicle is 
so marked that it weighs twice or thrice as much as a normal testicle of an 
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animal of the same age. Sand showed that the remaining testicle oan 
undergo the same hypertrophy even when the vas deferens is ligatured , this 
is due to the fact that, even after the vas deferens is ligatured, the 
spermatogenesis can proceed in a normal way, and the degeneration of the 
tubules begins only when the spermatogenesis is more or less completed. So 
one may object that, when the testicular mass is diminished, there is 
hypertrophy not only of the interstitial cells but also of the seminiferous 
part. This is why 1 said, two years ago (7), that the situation seemed to be 
more complicated than Bouin and Ancel supposed, basing their conclusions 
on ingenious expenments, performed about twenty years previously, when 
nobody could foresee the extraordinary development which the study of the 
internal secretion of the sexual glands has undergone in recent years. 

We again took up the question of the hypertrophy of the interstitial 
cells in the testicle in connection with another problem of internal secretion 
of the sexual glands. We studied the question as to how the development 
of the sexual characters of mammals depends upon the quantity of secretion 
of the sexual glands present in the body For this purpose we used a 
me£God consisting of making unilateral castration and of cutting away more 
or less from the second testicle (“ partial castration '')(8). We made a great 
many of these same experiments on guinea-pigs, and we were able to state — 
in accordance with F^zard (8a)— that even very small particles, representmg 
1 or even less than 1 per cent, of the normal testicular weight, are sufficient 
for a normal masculinisation of an animal (9) In some oases we observed 
that the development of the sexual characters was slower than normally , 
but we have experimental evidence that this phenomenon of retardation 
was caused, not by a simple quantitative deficiency in internal secretion, 
but by a slower development of the sectioned testicle (10). 

IimU these experiments we had theoretically to confront a very important 
comphcation, i,e., the possibility of a compensatory hypertrophy of the 
elements, to which we ascribe the function of internal secretion jn the 
testicla And indeed m some cases where the particles were especiaUy 
small, we found an extraordinary development of the interstitud tissue. 
The size and the number of the mterstitial cells may sometimes be enormous. 
In such a small segment of the upper pole of the testicle, nourished by the 
arteria spermatioa interna, the number of interstitial cells may no doubt > 
attain, or even greatly surpass, the number of interstitial cells in two 
normal testicles together, although such a particle represents, as mentioned, 
not more but even less than 1 per cent, of the weight of two normal testicles. 

I never saw such an enormous hjrpertrophy of interstitial cells as in these 
sruall particles in upper partial casiration ; only one snob cass of enormous 
voi. xoni.— B. I. 
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hypertrophy of interstitial cells is to be found in th4 literature, in a paper 
recently published by Poll (11). who described the degenerating testfcles 
of hybrids of birds. Anyone looking at a microscopical preparation of 
some of our cases, and comparing it with a normal testicle (Plate 1, 
fig. 1), would agree that the hypertrophy of the interstitial cells is here 
excessive — as in some tumours described m the pathology of the testicle 
in man. 

In view of this hypertrophy one might object that even in our smallest 
particles there may have been a prodnction of the sex specific secretion 
no smaller than the normal. It is true we have no definite evidence that 
the interstitial cells arc the organ of internal secretion in the sexual glands ; 
but there are so many facts showing that the interstitial cells have some- 
thing to do with the internal secretion of these glands, that it is impossible 
to avoid this objection when we discuss the quantitative problems in the 
internal secretion of the sexual glands on the basis of experiments with 
partial castration. Whether or not the interstitial cells are really the 
organ of internal secretion in the testicle, the partial castration was, at any 
rate in some cases, counteracted by an hypertrophy of this oigan 

We have some experimental evidence that this hypertrophy of interstitial 
cells is not a compensatory one, i that this hypertrophy is caused, not by 
an exaggerated function of these cells for the body as a whole, but by local 
conditions. 

II. 

The experimental evidence we have that the hypertrophy of the interstitial 
tissue is not a compensatory one, is of four different orders. 

A. Ghiing through all the cases where small particles of testicular substance 
were sufficient for a mssculinisation, in different degrees, of guinea-pigs, 
we saw all transitions between a normal number of mterstitial cells and a 
highly augmented number of the latter. But there seemed to be no constant 
relation between the number of interstitial cells and the degree of develop- 
ment of the sexual oharacters. We will give in another paper a full 
description of &11 our experiments with partial castration, considering them 
from the point of view of the problem of the site of the function of internal 
secretion in the testicle. Here only the following facts are of importance 
for us : — 

(1) That there seems to be no constant relation between the number of 
interstitial cells and the degree of masoulinisation, although there does not 
exist a case where masoulinisation took place without fully developed 
interstitial cells being present in the testicular fragment. 

(2) That a normal masculinisation is possible even when the number of 
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interstitial cells in a small testicular fragment is not very much augmented, 
so that the number of the interstitial cells is highl^^ diminished in com- 
parison with those in a normal testicle. 

B. In the experiments with partial castration on guinea-pigs, mentioned 
above, we used m reality two different methods. In some of these experi- 
ments we left in the body, as previously said, a small segment of the upper 
pole of one testicle. In other experiments of this senes we left a segment 
of the under pole of the testicle above the cauda epididymidis. In the 
latter we never saw the enormous hypertrophy of interstitial cells observed 
in some oases of " upper ” partial castration, although in “ under ” partial 
castration a marked increase in the number of interstitial cells occurs. But 
the “ under " testicular fragment degenerates, in general, so far as to become 
sclerotic, whereas the upper fragment can resist longer against sclero- 
8ation(llA) We explain this dissimilitude by a difference in the blood 
supply in the two methods. In the “ under ” partial castration the testicular 
fragment is supplied with blood by the arteria deferentialis, the artery of 
the vaa deferens, which gives off branches from the under part of the 
testicle. These branches, as is known in human anatomy, have an anasto- 
mosis with the branches of the artena spermatica interna supplying the upper 
half of the testicle The art def. is a small one in comparison with the 
art sp. i., and we supposed that in our experiments the blood supply of 
an upper fragment was better than the blood supply of an under 
fragment We found the plexus pampiniformis unchanged, so that it is 
very probable that a small upper testicular fragment received the same 
quantity of blood from the art. sperm, int. as the whole testicle. We think 
it right to conclude from these observations that the good blood supply 
ezpljdna, in a sufficient manner, the great development or the hypertrophy 
of the interstitial tissue in upper testicular fr^ments as related above. 

C. Experimental evidence that the latter conclusion is true, and that the 
hypertrophy of the interstitial cells in the upper testicular fragment is caused 
by local conditions, is shown by the following observations. On six guinea- 
pigs of different ages the one testicle was oat into two fragments, both of 
which were left in the body ; the upper one supplied by the art. sp. i., the 
under one supplied by the art. defer. (On the other testicle we made — for 
other experimental purposes — incisions going through about half or more of 
the testicle, but not touching the ductus epididymidis.) All these animals 
showed during four months of observation normal somatic sexual characters. 
A resmU of the six experiments we performed is given in the following 
Table:— 
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As we see from the weight of the animals used for these experiments, they 
were all at an age when the spermatogenesis in guinea-p4^ has attamed a 
very high degree, or when the production of spermatozoa begins ; some of 
them were adult animals. 

The result of these experiments is that in all the six cases there was, four 
months after the operation, a very marked degeneration of the under 
fragment of the operated testicle. This degeneration concerned both the 
seminiferous and the interstitial part of the testicular fragment, the latter 
being transformed more or less completely into connective tissue. Having 
observed a great number of testicles under different experimental conditions, 

I should like to mention here that there seem to be different forms of 
degeneration which the testicle may undergo ; but I have not enough insight 
into this field of pathological anatomy to judge on this question 

Unlike the under fiagment, the upper fragment was, in four oases, still 
resisting degeneration and sclerosation Ho. 69 showed in the upper frag- 
ment, four months after the operation, tubules with spermatozoa which 
were even present in the caput epididymidis. Other tubules in . this 
fra^ent were in the state of desquamation or in the juvenile stage. 
In Ho. 70 all tubules are in the juvenile stage, corresponding to that of 
an animal about three weeks old. In agreement with Benda (11 b), we 
mentioned in another paper that it is in reality not justifiable to speak about 
a “degeneration” of the seminiferous tubules occurring after ligature or 
section of the vas deferens, transplantation, radiation, and so on. There is 
in reality only a process which leads up to a juvenile stage, a process which 
occurs in an indefinitely smaller measure also in the normal testicle. To 
understand that there is no other change than a return of seminiferous 
tubules en maxse to a juvenile stage, it sUfUoes to compare a preparation of 
Ho.'-fTO with one of a normal animal about three weeks old, as given in 
Plate 1, fig. 2. I do not thmk that this “ backward development,” to use a 
notion of Eugen Schulz (11c) is the only possible way of reaction of the 
seminiferous tubules in different experimental conditions, and I do not think 
that a seminiferous tubule which has returned to a juvenile stage, will 
always have the same destiny or life-history as a juvenile tubule in a normal 
testicle ; on the contrary, in our upper fragments and in other experimental 
cases we several times observed complete degeneration of such tubules.* 
Evidently, the same experimental condition which may lead to backward 
development may also lead to complete degeneration of these juvenile 
tubules. 

In Ho. 64 the upper fragment sjiowed about the saOie condition as Ho. 69 
Some tubules showed spermatozoa, others were in the juvenile stage. Beginning 
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from the level of the moision, connective tissue grows inwards in the 
testioular tissue and a few weeks afterwards this fragment would surely have 
been in the same condition of sclerosation as an under fragment We found 
this condition in No 68, where no testicular tissue was to be recogmsed in 
the mass of connective tissue A degeneration of the upper fiagment took 
place m No 76, but in a somewhat different way Another case No 76 is 
of the greatest interest for us. It is the fourth of the expenments uhere 
the upper fragment was still present and in good condition as compared with 
the under fragment already wholly degenerated In this case (Plate 2 hg 3) 
the semmiferous tubules have only one stratum of cells , I am not able to 
say whether there are here only cells of Sertoli oi some spermatogonia 
also, the first is the more probable The inteistitial tissue was m a 
state of hypertrophy, like that in some cases of upper ’ castration This 
one case, where we have an enormous number of interstitial cells in an 
upper fragment although the second testicle is present in the body is 
sufficient to decide the question whether the hypertiophy of interstitial 
tissue m some cases of upper partial castration is a compensatory one or not , 
this hypertrophy is not a compensatory one but one caused by local 
conditions 

D Further experimental evidence is given by the following observations 
Instead of sectioning the testicle near the upper pole as in the foregoing 
experiments we sectioned the testicle near the under pole and cut away a 
very small fragment of the under pole together with the cauda epuhdymidis 
We made this operation on both sides In principle, this is the same 
operation as that performed unilaterally in the experiments leported in C, 
but with the difference that, instead of having a small fragment supplied 
by the art sp i on one side the animals of this senes had big fragments on 
every side supphed by the art sp i If an hypertrophy of the interstitial cells 
occurs under these experimental conditions also it cannot be compensatory, 
because the quantity of testicnlar mass is not diminished by the operation 

We made three identical experiments a limmi of which is given in the 
Table on page 139 

As we see there was in two oases a very marked hypertrophy of the 
inteistitial tissue especially in No 72, illustrated by 6g 4 The hypertrophy 
18 not so striking as in some small upper fragments But one must take 
into consideration that, on examining a great number of testicles even under 
identical experimental conditions, as already mentioned, all transitions in 
the quantity of interstitial cells exist , even the two testicles of the same 
animal treated in the same manner may show very striking differences os 
concerns the interstitial tissue and the semmiferous tubules On exammmg 
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No of 

Duration 

of 

Weight of the 
animal 

Condition of teitiole 


Protocol 



mmt 

At 

beginning 

At end 

I 

73 


grm 

470 


Both teaticles gron n together All eemi- 
niferoue tubulea with one stratum only 
Interritttal t elU tna tnarkedlii increated 
quanhh/ Sclerosation at the level 

where the inoieion was made 

II 

72 

10!) 

616 

670 

1 

1 

Right toiticlo All seminiferous tubules 
in the juremle stage Sclerosation 

begiiimiig at the level of the incision 

I eyy marlcedltf tnereated quantxiy of 
tnlerttitiaJ crllt 

Left tisticle lubules in full spermato 
genesis with spermatosna tubules in the 
stage of desqiianiatioii and with one 
stratum onlv Sclerosation as on the 
right Inorrittl quant ly of inter 

tUttal celU 

III 

60 


130 

1 

1 

420 

Both tisticles grown together A great 
number of seminiferous tubules in full 
spermatogenesis others in the stage of 
desquamation and with one stratum 
only si m tubules in the ]iiTemlo 
stage Quanhf / of intertUtxal oelli 
not increase 1 

* The animal died of illneM and was 

weighed the lant time nine da^s before its death 


the two testicles of a noiiual animal, one will also sometimes observe very 
striking difference^ in weight and in the development of the seminiferous 
and interstitial apparatus Great differences are also to be found between 
two animals of the same litter This is why it is often impossible to have 
reaV control animals in experiments where conclusions should be based on 
weight or age relations 

On looking at hg 4, one will see that tliere is a stiikiiig resemblance 
between the condition of this testicle and the testicle of a young animal 
(fig 2) The condition of the seminiferous tubules, the condition of the 
inteistitial cells, and the distribution of the latter embedded m a granular 
or homogeneous mass, all these remind one in a very striking manner 
of the testicle of a gmnea-pig of about 2 or 3 weeks of age, when the 
testicle ol this species has entered on its rapid development to spermato- 
genesis and puberty This juvenile sti^e of the testicle, which one can 
observe under expenmeutal conditions, is all the more mterosting m that our 
animal No 72 was at the time of the operation fully grown, weighing 
already more than 500 grm There can be no more striking instance of the 
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fact that a backward development of the testicle is possible under expen 
mental conditions 

III 

After all there can be no doubt that the hypertrophy of the interstitial 
cells as observed under different experimental conditions has nothing to do 
With the function of the testicle for the organism as a whole but that this 
hypertrophy is caused only by local conditions m the testicle itself 

Kyrle (12) who studied the hypertrophy of the mteistitial cells undei 
different experimental conditions has su^estod that this hypertrophy has 
something to do with a regeneration process which the semmiferous tubules 
are undergomg This point of view is in connection with another conception 
of the function of the interstitial cells namely that these cells represent 
a trophic organ for the seminiferous tubules The latter conception plays a 
great rOle in the attacks made in tJie last few months by different German 
authors (13) upon the theory of Bouin and Ancel (which was supported 
and further developed by Tandler Steinach Sand and myself) that the 
interstitial cells are an organ of internal secretion 

This 18 not the place to discuss the question whether our conception of the 
mternally secretory function of the interstitial cells is right or not Indeed 
this conception will not remam unaltered and it is impossible now to say how 
much of this theory will permanently stand m view of the further develop 
ment of scientihc lesearch m our special field \nd it may be the results of 
the experiments made in our laboratory and reported by myself m this com 
municatioii will be interpreted by some as a withdrawal m some measure 
from the position I held and tried to strengthen in my book on the puberty 
gland But on the other hand I think that there are not yet sufficient 
data to attribute definitely to the interstitial cells a special local function in 
relation to the seminiferous tubules although the possibility of such a function 
cannot be denied even though the interstitial cells should play a rdle as an 
organ of mternal secretion It is necessary for us to emphasise this pomt 
since Stieve in a recent pubhcation (13) has seriously misrepresented our 
views 

Summary 

In experiments with partial castration one may observe in small testicular 
fragments enormous hypertrophy of the interstitial tissue the number and 
the size of the interstitial cells being very markedly augmented This hyper 
trophy IS not a compensatory one as is shown by the following experimental 
evidence — 

A Hypei trophy of the interstitial cells is not present in all oases of partial 
castration and very small testicular fragments with a not very much 
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augmented relative number, and consequently with a highly diminished 
absolute number, of interstitial cells may suflBce for a normal maaculmisation 
B On comparing testicular fragments supplied by blood in different ways 
(a fragment from the upper and a fragment from the under polo of the 
testicle) one finds that the fragment which seems to be bettei supplied by 
blood shows more pronounced tendency to hypertrophy of interstitial cells 
C Enoimoiis hypertrophy of interstitial cells may take place in an upper 
testicular fragment even when the other testicle is present in the body 
D Marked hypertiophy of interstitial cells may take place when we 
tiansform both testicles into upper “fragments," by sectioning the testicle 
near the under pole and by so cutting away only a very small quantity of 
testicular mass 

In view of all these experiments it seems clear that hypertrophy of the 
interstitial cells, as observed in different expenmental conditions, has nothing 
to do with the internally secretory function of the testicle in its relation to 
the organism as a whole This hypertrophy is caused by local conditions, and 
18 not brought about in response to general compensatory requirements 
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DESCRIPTION OF PLATES 
(The figures are drawn by Miss L. Lehbert, Dorpat ) 


Plat* 1. 

Fig 1. — Two sections through the testicle of a normal animal aged .vbout 4^ months 
(Prot No 27) On the left interstitial cells in form of a triangle between 
tubules m full spermatogenesis; on the right interstitial cells embedded 
10 a granular mass in the neighbourhood of blood vessels 
Fig. 2 — Two sections through the testicle of a normal animal about tbi ee weeks old 
(Prot No. 32) The interstitial cells are iich in protoplasm, the nucleus is 
large. In the left half the interstitiitl cells are embedded in the granular 
mass. 


Plat* 2 

Fig. 3.— Section through the upper testicular fragment of an animal subjected to the 
“complex” testicular section (Prot. No. 76) The hypertrophy of the inter- 
stitial cells IS enormous. The seminifeious tubules with only one stratum of 
cells (cells of Sertoli). 

B'lg. 4. — Section through the testicle of an animal subjected to the operation descnbed 
in D (p. 138) (Prot. No. 72). The seminiferous tubules are in the juvenile 
stage, although the animal was folly grown when operated on The operation 

was performed about four months previously. The number of interstitial 
cells 18 very markedly increased. 

All the testicles or testicular fragments were fixed in the solotion of Helly (solution 
of Muller with 5 per cent formol) and stained by eoein and beematoxylin Only fig 4 
la made from a fragment fixed m Flemming and stained by Heidenbam’s irou-alum 
hwmatoxylin. All the preparations were made by Dr Wagner. 





On the Irritability of the Fronds (j^Asplenium bulbiferum, ^oith 
Specud Reference to Chraviperception. 

By T. L. Prankkrd, B.So., F.L.S. Lecturer in Botany, University College, 
Reading. 

(Communicated by Prof. W. M. Baylias, F.RS Received March 10, — Revised 
November 11, 1921.) 

[Plate 3.] 

1. IiUroduclwn. 

Our knowledge of the phenomena of irritability m vascular plants is 
largely confined to Angiosperms Very little work seems to have been done 
on Ptendophytes ; and from his few observations on fern fronds, Darwm 
[(1), p. 509] even doubted if they possessed any power of response to gravity 

In a preliminary account (4) of the distribution of the statohth apparatus in 
plants, I mentioned that it was present m young fern fronds, and I have since 
found that this was partially known to Dehneoke (3). He referred to fern 
fronds as possessing non-assimilating chlorophyll grains resting on their 
physically lower cell walls ; but he did not connect these grains with the 
perception of gravity, nor, so far as I am aware, have they ever been photo- 
graphed or indeed noticed since. 

, An investigation, therefore, of the physiology and cytology of young fern 
fronds seemed advisable, in order to ascertain if, and how far, any connection 
could be traced between them. The common plant Asplenxmn hulhtferum 
proved a very suitable object for detailed study, though many of the observa- 
tions described have been confirmed by work on other genera. 

2. The Growth and Movements of the F)‘onds. 

The plants used were grown in pots, generally under bell jars, in rooms 
each of which had only one window; thus subjecting them to one-sided 
illumination the direction of which was knowa A few control observations 
were made on plants exposed to all-round illumination, and on others grown 
in the dark. The latter were very little used, because it was desired to study 
the behaviour of plants as far as possible under natural conditions. Many 
series of observations extended over weeks or even months, where prolonged 
darkness would have proved very deleterious, if not fatal 

The position of a frond under observation was determined by measuring as 
neatly as possible the angle made b^ the midnb with the horisontal This 
was done by a very simple, but efGsctivelnstrument oonsnt^g of a transparent 
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piolractoi (A fig 1) mounted between two stiips of glass (H) fitted upright 
into a slot m a wooden block (C) The two pieces of glass are held together, 
and keep the protractor in place by an ordinary letter- 
clip (D) at the top In ordei to bring the protractor 
on a level with the frond it can be lowered by simply 
pressing it down from aboie or raised by pushing it up 
fiom beh w it the same time opening and holding 
down the clip to keep the supports in place The 
lattei are made of glass so that the whole frond should 
be visible and also to secure the easy adjustment of 
the 90° line of the protractor against tlie frame of the 
window — usually quicker than using a plumb line 
Thiee phases may conveniently be distinguished in 
the life history of a fern frond , the fiist or infant 
phase when the apex of the frond is curled the second 
or adolescent phase fiom the time when the first 
leaflets tipiieai Iieneath the apical coil till tlie frond is 
quite uncurled when the third oi mature phase is 
reached Growth cannot be measured as precisely in 
ferns as in angiospermic stems and roots owing to the circinate vernation and 
the considerable individual variation in the process of uncurling It frequently 
happens 111 the middle of the second phase that the apex is raised very quickly 
(t r m about 24 hours) so that the recorded height shows a greater increment 
than that due to giowth in length A fern frond like the organs of angio 
sperms shows a grand period of growth When it first appears above the 
soil It grows slowly — 0 5-1 mm or so a day J his increases till a young frond 

3- 10 cm in height e in the second phase may show a dailj increment of 

4- 5 mm In the thud phase j,rowth slackens and veiy gradually ceases 
altogctlier 

At least SIX types of movement are shown by fern fronds — 

(1) Nutation — This is exhibited most strikingly m the second phase of 
growth and the results 1 obtained foi Asplenium are very similar to those 
lecorde 1 foi Neph odium mult by Darwin [(1) p 257] 

(2) Ri tip tnhty b> which I mean the tendency in growtli foi the different 
parts of the mid iib to be lu the same straight hue Ihis is sometimes 
apiiarently secure! in the adolescent stage by an autolropic movement of part 
of the frond 

(3) Sajpu) due to the weight of the developing pinnae is characteristic of 
the end of the ad deseeiit and beginnmg of the mature stage and gives the 
frond its final gi aceful form 
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All these inovementa are slight, the hist almost impeiceptible to the 
unaided eye the second merely occasional and the third only occurs when 
growth IS nearly over They will, theiefore not (oncein us further, and we 
are left with the three most important movements due to the following 
causes — 

(4) JUpinastij, present throughout the first two peiioda causes more or less 
striking curvatures towards the end of the adolescent phiso The tip of the 
frond, which may or may not be eiitiioly uncurled, appro ichcs the ab axial 
side so that the upper part forms a loop sometimes almost a complete circle, 
a position from which it eventually recoveis by slight hyponasty 

(5) Light has a directive effect upon the frond which vanes witli the position 
of the latter, and does not seem to come into play till it is several centimcties 
in height, le , in the middle of the first phase Curvature is shown most 
strongly if the frond is placed abaxially to the lioht, when the apical pait 
generally moves through 90° in the direction of the intident rn^s (see 
fig 2, A) 
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Fio 2 —Explanation in text (Imagine pi me of papei vtiticil ) 

Fig I —Explanation in text (Diiection of light through plane of papei, which is 
imagined vertical ) 

The effect is much less pronounced and seems to come into play latei if 
the fiond is placed so that the light strikes it laterally (t t , at right angles to 
the plane of the paper, fig 2) when a slight positive movement bikes place in 
the first (leriod and diaheliotropism, caused by a torsion of the rachis, is 
shown by the leaflets in the second If, however, the frond is placed so that 
the incident rays strike the adaxial surface (fig 2, B) little oi no curvature 
takes place, but the frond glows approximately vertically well into the 
adolescent stage, since the effects of light and epinasty balance one another 
The backward curve produced by the latter in the second period is 
considerably lessened 

(6) Oeotropism — Irritability to giavity exists from the inception of tlie 
frond till near the end of the second phase It is best studied in fronds 
placed horizontally and adaxially to the incident bght, when the organ will 
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curve through 90® to bnug itself into the vertical Placed horizontally but 
abaxially to the light, the frond will move into a vertical plane, at the same 
time curving towards the incident light If fronds are placed horizontally, 
with their ab- or adaxial surfaces uppermost, the subsequent positions assumed 
are shown in fig 3 In the former case (A) gravity and epmasty act together , 
in the latter (B) they are balanced against each other, though gravity seems 
to have the greater effect of the two, at least m the first phase, since an 
upward curvature is often produced, though never approaching 90° 

Although very little exact woik has as yet been attempted, it is mterestmg 
to note that both the latent* * * § and reactionf periods for gravity are probably 
considerably longer for ferns in general than angiosperms In one experi- 
ment Asple^num bidbiferum was compared with Sidalsia sp The frond of the 
one and the inflorescence axis of the other, neither unsevered from the parent 
plant, were placed horizontally m the open at about 27° C In 4 hours a 
distinct geotropic curvature was visible in Sidalsia, and hours more 
proved sufficient to bring the axis back to the vertical, while no trace of 
cuivature was to be seen m Asplenium And while I have made few exact 
measurements^ of the reaction tune for ferns, it has never been as low as 
hours, except in Marsiha sp at 18° C The latent and reaction periods 
lary greatly with temperature and perhaps with the season of the year 

An attempt to express the relative effect of the last three factors and their 
niagnitude in the different phases ot the life history of the fern fiond is made 
in fig 4, though the curves, with the exception of that of growth, are only 
approximate In the former case, the ordinates aie propoitional to heights 
leached by the fronds on days represented by the abscissae The gravity 
curve rises with the growth of the frond, reaches a maximum in the 
adolescent stage, and ceases probably before the frond is entirely uncurled 
It must, howevei, be understood that this, like other curves, attempts 
to express the average of many observations, and does not necessarily hold 
good exactly for any particular frond The effect of light is represented by a 
curve which begins after that of gravity, rises in the second phase to the 
same height, and ceases probably soon after the beginnmg of the third phase, 
and therefore after that of gravity Finally, epmasty § starts with the 

* The time elapeing between the first piesentation of the stimulus and the beginning 
of the response 

t The time elapeing between the first presentation of the stimulus anfi the end of 
the reaction 

{ The duration of these periods is now under investigation by my student, Miss 
F M O Waight 

§ The subsequent relatively alight hypoiuuty la included here fot convenience under 
the term epmasty. 
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laoeption of the frond, and is represented toWards the end of the second 
phase higher than gravity or light, sinoe its effect at this time is more pro- 
nounced than either, and seems to dominate the situation It ceases at a 
period somewhere near the complete uncurling of the frond, but which vanes 
greatly with the mdividual Indeed, the last curve must be taken as even 
more appioximate than either of the others since epmasty is very variable, 
both in amplitude and the time of appearance and disap^iearance of its 
remai kable expression towards the end of the second phase 



It IS important for our purpose that the time at which geotropic irntability 
ceases should be ascertained as nearly as possible, but in actual practice this 
is veij difficult, as the hyponastic curve is apt to simulate that due to 
geotropiam and the matter is complicated by the individual variability of 
the fiond, which is most apparent in the very unstable adolescent stage It 
seems at least certain that growth contmues aftei the cessation of geotropic 
irritabihty, the fiond being at this time only 70-80 per cent of the length 
finally attained 

The fern frond is m many ways the biolc^cal equivalent of the angio- 
spennic shoot, and, like it, will bring itself back into the vertical should it be 
displaced from this position It acoomphshes this by passing the vertical 
and swmging like a pendulum backwards and forwards till it remains upnght 
in a manner similar to that well known for flowenng plants, and originally, I 
believe, described by Darwin [(2), p 608] This takes place if the position 
of a frond is altered m the first, or lo the earlier part of the second phase 
Should, however, a frond be placed horizontally towards the end of this 
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period, especially if the conditions are such that the reaction period is long, 
it'will probably never reach the vertical, but remain at some angle,''oontinuing 
its growth in the same straight line In most ciuses when this occurs, there 
is a certain amount of oscillation before the frond becomes fixed in the oblique 
position. 

Fig. 5 illustrates the life-history of an actual fern-frond moving under 
gravitational stimulus. The dotted line of growth is plotted as before, the 



other curve showing the rise of the frond, where the ordinates represent 
degrees. When the frond was only a centimetre or so in height, the pot was 
placed horizontally, and the frond slowly rose till it was at an angle of 60° 
with the horizontal Like most fronds under these conditions, it never 
reached the vertical, probably in order to avoid the darkness due to the 
proximity of the soil. When the pot was placed upright, the frond attained 
the vertical position Again placed horizontally, the frond rose to an angular 
height of 70° and then dropped. This was not due to the cause just 
explained, since the same thing has occurred in expenments when the pot 
was upiight (see below) The frond is seen to oscillate for some time, and 
finally to take up a position at an angle of 46°, the recorded deviations from 
this being well withm the limits of experimental error. 

Text-fig. 6 IS from a tracing made on glass of the actual position occupied 
by a fern frond on the recorded dat^. A complete movement through 90° 
having been obtained by prevrously placing the pot horizontally, it was on 
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February 12 replaced m the upright position making the frond therefore 
horizontal It was slowly rising till on the 18th it had reached an angular 
height of 46° Bound that position it oscillated gradually uncurling till 



this was complete on March 2 Soon after the sagging effect due to the 
weight of the developing leaflets becomes apparent m the uppei part of the 
frond It will be seen that epinasty is not well marked m this particular 
case As I read it this record illustrates most of the movements described 
above, except that due to light, which was shown in the diaheliotropism of 
the leaflets not represented 

3 Tlie Statolith Apparatus of Asplenium bulbiferum 
Most attention has been paid to the frond, though some stems have been 
examined Starch does not seem to be very abundant in the rhizome of this 
plant but was always found at the apex In one case in a stem which 
seemed dormant, very little was present and it was qmte unonented 
Statoliths are, however, always present beneath the rudiments of a 
developing frond though some diversity is shown in the cytology of the 
statocyte In one case the ground tissue was composed of cells with obvious 
statohths, but possessing in addition starch grains round the nucleus, which 
latter was situated in the middle of the partial statocyte In another case 
the nuclei were seen among the statohths, though probably only loosely 
VOL. XOIU — B M 
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attached to them, if at all. This, however, was the onI]r case in which any 
onentation of the nuclei in A hidhfa'um was ever observed. 

The very youngest tassue — an actual meristem — never contains statoliths, 
which 18 scarcely possible, since little or no sap cavity is as yet developed in 
which they can lie loose , but, as the young frond develops, the cbloroplasts 
about the bundle at the base become free, and this gradually extends outwards, 
till practically the whole green part of the ground tissue is composed of 
chloro-statenohyma (photo. 3) This well-characterised tissue (4) follows, so 
to speak, the growth of the petiole upwards, by being freshly formed as 
development proceeds to within a centimetre or so of the apex, and dying 
away behind as the xylem becomes lignified, and, later still, solerenchyma is 
developed. Since more statenchyma is formed apically than dies away 
towaitls the base of the petiole, the amount gradually increases, till it 
probably reaches a maximum as the lower pairs of leaflets develop. It never 
seems to be found higher than the third or fourth pair, and dies away 
altogether before the end of the adolescent phase (fig. 7). 



Fra. 7,— Frond* of Atplmixm ImUnferum increasing in age from (iH^h Note that (4) 
is older morphologically than (3) though smaller. Dotted area indicate* amount 
of statenchyma. 


The statolith apparatus is very beautifully shown in the fronds of 
.4spfetii«m bvibi/erum. The statoUths are large, bright green bodies full of 
starch, and apparently indutinguishabie from cbloroplasts, except that they 
are eompletely free from the protoplasm and nucleus. Nearly every cell of 
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the inner ground tissue (at the right time and place, see above) is a statocyte 
and practically every chloroplaat a statobth, so that we have a very complete 
if not the highest type of apparatus In good transverse sections cut from 
fronds laid honeontally for an hour or two the little heaps of chloro- 
statoliths may easily be seen with a simple lens lying on the walls which 
have been lowest The statocytes are relatively large in cross section 
though shorter than usual in length being only about twice as long as they 
are broad 


4 Summary and Conclusion 

I rom the foregoing facts, it will therefore be seen that the life history of a 
fem frond of AspUntum hdbftrum falls naturally into three periods charac- 
terised not only by external morphology, but by physiological response and 
cytological differentiation This may be expressed in tabular form thus — 


Stage 1 Infant 

Adolescent Mature 

Frond | Curled 

Ueliotropio irritability . Beginning 

Ceotropio irritability Inoreaung 

Statooyte tueue ' 

Vnourling 

At a maumum 

Uncurled 

Oeasin^barly 

Absent 


Darwin’s failure to recognise apc^^tropum for ferns is accounted for by 
the discovery of (1) the much greater reaction time, and (2) the com- 
paratively early disappearance of geotropic irritability in these plants In 
his experiment [(1), p 609] * the older frond was probably losing its power 
of response to gravity, and the period of honzontality (46 hours) would not 
always bo sufficient to induce curvature m the case of a frond ‘ with the tip 
still mwardly curled " Darwin does not give the exact stage of development 
of this frond, nor the temperature of the experiment — pomts both of which 
have been shown greatly to influence the time of reaction 

Next in interest to the demonstration of the existence of both gravi 
perceptive power and the possession of statoliths by fern fronds, comes their 
very close association This has of course, been noted for angiospermic 
shoots (2), but in fern fronds it is more striking In the first place, a 
considerable part of the growth of the frond takes place after both its 
statoliths and its irritability to gravity have disappeared, but when it is »till 
able to respond, to light , and, again these disappearances are, as far as can be 
ascertained, synchronous 

* I demonstrated apogeotropistu m the identical species used by Darwin — Nephrodmm 
moU « — at Kew Qardens in 1916 
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Graphically, thia is shown in fig. 4, where a curve for the rise and fall of 
the statolith apparatus would practically correspond with that of response to 
gravity — certainly more nearly than with any other. The result of this 
work may therefore be held to support the view that the possession of 
statoliths is causally connected with graviperception in plants. 

All acknowledgements will be made on the completion of my work on the 
cytology of the statolith apparatus in plants. 
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EXPLANATION OF PLATE 

Photomicrographs of transverse sections of a frond of AtpUnium. bulbt/«tum a little 
younger than (3) in text-fig. 7. 

(1) IS taken above the second pair of leafiete, and within the curl. The chloroplaats are 
scattered in the cells, and there is no trace of statobths. 

(S) cut ]ust above the first pair of leaflets. The ground tissue is transitional between 
(1) and (3) ; statoliths are beginning to be formed. 

(3) from below the first pair of leaflets — nearly all the cells of the ground tissue are 
statocytes. 
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The leaves of plants adjust themselves in venous ways in relation to the 
incident light. The heliotropio fixed position is assumed by means of 
curvatures and torsions of the motor organ which may be the pulvinns, 
or the petiole acting as a diffuse pulvinoid. In some oases the motor oigan 
alone is both perceptive and responsive ; in others, the leaf blade does exert 
a directive action, the perceptive lamina and the motor organ being separated 
by an intervening distance. This directive action of the lamina has been 
found by Voohting in Malva vertioillata, and by Haberlandt in Begonia 
discolor, and in several other plants In connection with this it shonld 
be borne in mind that this characteristic does not preclude the possildli^ 
of the motor organ being directly affected by the stimulus. In a nerve-and^ 
muscle preparation, the muscle is excited, not merely by indirect but also 
l)y divect stimulus. As regards the heliotropio adjustment of leaves, tiie 
stimulus of light acts, in the cases just mentioned, both directly and 
indirectly, the indirect stimulation being due to some transmiMed effect 
from the perceptive lamina. We may regard the coarse adjustment to be 
brought about by direct, and the finer adjustment by indirect stimulation. 

Certain leaves thus assume a heliotropio fixed position so that the blades 
are {daoed at right angles to the direction of light, the directive action 
being due to certain transmitted reaction, yet unknown. No explanation 
has, however, been forthcoming as regards the physiological reaction to 
which tills movement must be due. Suggestions have been made timt the 
dia-heliotropio poeition of leaves is of obvious advantage, sinoe this positieii 
assures for the plant the maximum illumination. But such toleologioid 
considerations pffer no explanation of the definite physiological reaction.. 
It is, moreover^ not true, as I shall show in the course of this paper, that 
there is anything inherent in the plant-irritability which the aorfaee of 
the leaf u oi^traioed to place itself perpendicular to the iiuddent light. 

1 have for many years been engaged in pursuing mvestigatiota cm tito 
subject, and have recently sqpoeeded in disoovelrli^ the rtoOt^ 

to which the dlh«|^ve movant is due. 1 shill beiuls to show the 
Toifc ioih. — IT 
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particular attitude assumed by the leaves is brought about by ti:§n8mitted 

nervous impulse which impinges on the motor organ which is not simple 
but highly complex that there are several distmct impulses which react 
on the corresponding effectors grouped in the motor organ 

For a full and satisfactory explanation of the phenomena it will be 
necessary to deal briefly with the characteristics of the motor organ and 
the nervous impulse which actuates it It will also be necessary to show 
that the physiological reactions of the sensitive and ordinary plants 
are essentially similar As a type of the former I shall take Mirtiosa pvdica 
and for the latter Helianth s annuus I propose to deal with the subject 
in the following order — 

I — (General descnption of the dia heliotropic phenomena 

II — Charactenstics of the motor organ 

1 Mechanical response due to differential excitability of the pulvmus of 

Mimosa and pulvmoid of Helianthus 

2 Response to stimulation of adaxial and abaxial halves of the motile 

oi^an 

3 The mechanism of heliotropic curvature 

4 The diurnal movement 

6 Torsional response to lateial stimulation 

III — The nervous mechanism m plants 

6 Receptor conductor and effector 

7 Localisation of nervous tissue m plants 

IV — ^The transmitted nervous impulse 

8 Definite innervation 

9 The directive action of propagated impulse in heliotropic leaf ac^ust- 

ment 

I — Gkmebal Description of the Dia heuotbopic Phenomena. 

Before entenng into the experimental investigation of the subject, it is 
desirable to describe the dia-heliotropio phenomena, as typically exemphfied by 
Mimosa and Helianthus A photograph of the former is reproduced m fig 1, a, 
in which the plant placed in a box had been exposed to the northern sky and 
not to direct sunlight It will be seen that the leaves which directly front the 
light have been raised and so placed that the sub^petioles with their leaflets, 
are at right angles to the strongest illumination The side or lateral leaves 
have on the other hand undergone appropriate torsions — the plane of theleoflets 
being adjusted perpendicular to the light It will be noticed that in exeonting 
this the petioles to the right and the left have undergcme opposite torsions. 
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After the assumption of this position, the pot containing the plant was turned 
round through 180° This brought about a new adjustment in the course of 
twenty minutes, the plane of all the leaflets being once more at right angles 
to the light. The new adjustment necessitated a complete reversal of the 
former movements and torsions. Such perfect adjustment is brought about 
by bright light from the sky, and not so well by direct sunlight, for reeisons 
which will be given later. 

In fig. 1, 6, IS seen the heliotropic adjustment of the leaves of sunflower, grown 
near a wall, the plant being exposed to light from the western sky. The 
adjustment is essentially similar to that seen in Mimosa The lateral leaves, 



Fio. 1. — Du-hehotropic adjustment of leaves . {a\ id Mimosa , (6), in H^ianthu* annuut ; and 
(c), in a different species of Hebanthus. (From photographs ) 


1 and 3, have undergone appropriate torsions — right-handed or left-handed — 
so that the leaf-blades placed themselves at right angles to the light The 
leaf numbered 2 has been raised, placing ite lamina perpendicular to the light. 
A contributing factor in this is the bending over of the stem, due to positive 
heliotropic curvature, which accentuated the rise of the leaf number 2, The 
same bending often causes an apparent fall of the leaf marked 4. When the 
stem is tied to a stake, the bending over of the stem is prevented ; the leaf 
numbered 2 is then found raised by heliotropic action ; but there is little or 
no fall of the opposite leaf. 

I reproduce (fig. 1, e) another phot(^raph of the heliotropio curvature and 
adjustment of a different species of sunflower, which was grown in the open. 
In the morning the plant bent over to the east and all the leaves exhibited 
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appropriate movements and torsions In the afternoon the plant bent over 
to the west all the previous aljustments and torsions being completelj 
reversed The plant continued to exhibit these alternate swings day after 
day till the movement ceased with age 

II —Characteristics of the Motor Organ 
I have shown elsewhere (2) that there is no essential difference between 
the response of sensitive and ordinary plants I shall now show that 
all the characteristics of the response of the leaf of Mimosa are also found in 
the leaf of Helianthus These will be specially demonstrated as regards 
normal response and recovery the response of adaxial and abaxial halves of 
the organ to stimulus the effect of direct and mdirect stim ilus in inducing 
heliotropio curvature the daily periodic movements of the leaves and the 
torsional response to lateral stimulation 

1 Mechanical Retponae due to DiffererUvd ExcUabiltty of the Puhinus of 

Mimosa and Petiole of Helianthus 

In Mimosa owing to differential excitability of the upper and lower halves 
of the pulvinus a diffuse stimulus such as that of an electric shock causes a 
responsive fall from which there is a recovery on the cessation of stimulus 
It has been thought that the upper half of the pulvinus is inexcitable I have 
shown (3) that this is not the case since local stimulation by light induces a 
contraction and resulting up movement of the leaf The upper part of the 
pulvinus IS about eighty times less exoitable than the lower half 

Experiment 1 — In Helianthus the entire petiole acts as a motor organ of 
which the upper half is relatively less excitable Diffuse stimulation by 
electric shock induces a responsive fall followed by a reooveiy on the cessation 
of stimulus The response records thus obtained are very similar to those 
obtained with the leaf of Mimosa In Helianthus the reaction is relatively 
sluggish and the contraction is not so great as in Mimosa The difference 
between the two responsive reactions is one of degree and not of kind 

2 Response to Stimulation of Adaxial and Abaxial Halves of the Organ 
As stated before the upper half of the pulvinus of Mimosa responds to 

application of light by local contraction the leaf is thus erected and the 
movement towards light may be desenbed as positive heliotropism The 
leaflets attached to the sub petioles are thus made to face the light Under 
strong and long continued sunlight the excitation is transmitted across the 
pulvinus and causes at first a neutralisation and finally a reversed or 



The Dia Hehotropic Attitude of Leaves 


157 


negative movement by the contraction of the more excitable lower half of 
the organ This is the reason why the dia hehotropic adjustment is less 
perfect under strong sunlight 

We obtain parallel reaction with Hehanthus here the petiole acts as an 
extended pulvmoid Light applied from above causes an erectile movement 
when apphed below it causes a more energetic down movement As the 
transverse conductivity of the petiole is feeble the positive hehotropic 
response induced by light acting from above is rarely reversed into negative 

3 The Mechanism, of Hehotropic Curvature 
A few words may now be said of the mechanics of curvature by which the 
stem of Hehanthus bends towards light (fig 1 b) All forms of stimuli includmg 
that of light induce a diminution of turgor and consequently contraction 
and retardation of the rate of growth of the directly excited side But 
this IS not the only factor in bringii g about the positive curvature I have 
shown (4) that while the effect of direct stimulus at the proximal side of the 
stem induces diminution of turgor and contraction its effect on the distal 
side where it acts indirectly is the very opposite namely an increase of 
tuigor and expansion The positive curvature is thus duo to joint effects 
of direct and indirect stimulus at the two opposite sides I have been able 
to demonstrate the induced increase of turgor at the distal side by expen 
menting with the stem of Mimosa The stm ilus of hght is apphed at a 
point directly opposite to the motile leaf which by its movement indicates 
the change of turgor the induced increase of tui^or being indicated by an 
erection and diminution of turgor by a fall of the leaf Application of hght 
at a point on one side of the stem was thus found to induce an increase of 
turgor at its diametrically opposite point 

Parallel experiments which I have recently carried out with Hehanthus 
gave identical results Arc hght was continuously applied at a point 
opposite the mdicating leaf this induced an increase of turgor as exhibited 
by a continuous erection of the leaf We thus find that while direct stimu 
lation induces a diminution of turgor at the proximal side mdirect stimulation 
causes an increase of turgor at the distal side The positive hehotropic 
curvature is thus due to the joint effects of contraction of the proximal and 
expansion of the distal side 

4 TAtf Diurnal MovtnurU 

The daily periodic movements of the leaf Mimosa and of Hehanthus 
exhibit a further similarity which is remarkable I have shown elsewhere (6) 
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that in plants sensitive to light the operative factors in the diurnal move- 
ment are — 

a The vanation of geotropic action with changing temperature A nse 
of temperature is found to inhibit the geotropic action , a fall of temperature 
accentuates it In consequence of this the leaf, subject to geotropic action 
undergoes a periodic up and down movement , the maximum fall of the leaf 
takes place at thermal noon, which is about 2 pm, the maximum nse is at 
thermal dawn, about 6 am 

h The action of light is generally speaking antagonistic to that of 
temperature In the forenoon, rise of temperature causes a fall of the leaf 
but continuous light acting from above tends to raise it The rapid 
diminution of light towards evening acts virtually like a stimulus, causing 
an abrupt fall of the leaf 

The diurnal movements of Mimosa and Helianthus exhibit four phases 
which aio very similar — 

(1) The leaf, owing to fall of temperature, erects itself from 2 to 5 30 pm 
or thereabouts 

(2) After 6 pji there is a rapid diminution of light, and the leaf undergoes 
a sudden fall, which continues till about 9 pm 

(3) After 9 pm the leaf begins to elect itself with the fall of temperature, 
the maximum erection being attained at thermal dawn which is at 6 am, 
approximately 

(4) In the forenoon the leaf is acted on by two antagonistic reactions, 
the effects of rising temperature and of increasing light, the effect of rise 
of temperature being predominant The leaf thus continues to fall till 
thermal noon, which is about 2 pm 

5 Torwmal Betporm to Lateral Stimulus 

I shall now refer to a very important type of responsive movement 
induced by lateral stimulus A stimulus is called lateral, when it acts 
either on the right or the left flank of a dorsiventral organ I shall 
presently show that a dorsiventral organ responds to a lateral stimulus 
by torsion That this effect is universal will be demonstrated by experi- 
ments on the “ sensitive ” Mimosa, and the “ ordinary ” plant Helianthus In 
order to ehminate the effect of the weight of the leaf, and also for obtaining 
record of pure torsion, the petiole is enclosed in a hooked support of glass, 
with a smooth internal surface (fig 2) Faction and the effect of weight 
are thus practically eliminated , the circular support prevents any up or down 
movement, jet allows freedom for toiaional response 1 have recentlj 
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employed another device ■which is even more perfect Instead of the 
tubular support, the petiole is slightly stretched in a honzontal direction 
by an attached thm elastic string of indiarubber tied to a rod. The up 
or down movement is thus prevented, whereas the string offers but feeble 
resistance to torsion The torsion is magnified by an L-shaped piece of 
alummium wire appropriately tied to the petiole so that the long arm is 
at right angles to the petiole The end of the arm is attached by a silk 
thread to the short arm of a recording lever R , there is thus a compound 



Fio S — Diagrammatic representation for obtaimng record of torsional response 
H, hooked glass rod to secnre pure torsional effect L, bent piece of metal for 
magnification of torsional movement , B, recording lever , O, oscillating smoked 
glaM plate Direct stimulation of the light flank, r, oi indirect stimulation of the 
right sub petiole, r', induces right handed torsion 

magnification of the torsional movement, a right-handed torsion producing an 
up-curve, and a left-handed torsion a down-curve The oaciUatmg recorder 
gives successive dots at definite intervals of time, which may be varied, 
according to requirements, from twenty to sixty seconds Time relations 
of response may thus be obtained from the dotted record 
Fig. 2 gives a representation of the exi>enmental method for studying the 
torsional response of various ‘ sensitive ’ and ordinary leaves Diverse stimuli 
are apphed at one flank of the organ, which is the junction of the unequally 
excitable upper and lower halves of the pulvinus or petiole We shall 
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presently find that the responsive reaction in all dorsiventral organs obeys 
a definite law m regard to the relation between the direction of incident 
stimulus and the lesultmg torsion The torsion induced is either nght- 
handed or left-handed clockwise or anti-olockwise In describing the 
direction of torsion, the position of the observer in regard to the plant 
must be definite , he should stand in front of the responding leaf and look 
at the central stem When the right flank of the pulvinus or the petiole 
IS struck by a horizontal beam of light r, coming from the right, the induced 
toision IS right-handed Light acting on the left flank induces a torsion 
which 18 in the opposite or left-handed direction On the cessation of 
stimulus the leaf recovers its normal position (fig 3) 



Fio 3 —Record of torsional i-esponse of pulvmns of Mimoea by lateral light Stimula 
tion of the nght flank induced right handed torsion, B, represented by up-curve 
■tunulation of the left flank induced left handed torsion, L The two thick dots 
represent the duration of stimulus Successive dots are at intervals of 20 seconds 

The response described above takes place when the pulvinus or the 
petiole is exposed to lateral light, the leaflets of the lamina bemg 
completely shielded from it The differentially excitable organ thus 
nndwgoes a twist, in consequence of which the less excitable upper half 
of the pulvinus is made to face the stimulus The leaflets or the lamina 
attacAied to the petiole are thus earned passively, like so many flags, to face 
the hypothetical source of light It is obvious that the response is brought 
about by a definite physiological reaction and not for the utihtanan purpose 
of securing’ maximum illumination of the leaflets or the lamina Teleo- 
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logical oonsiderations often adduced offer no re-il explanation of the 
phenomena, such arguments are moreover highly misleading for similar 
responsive torsion is induced not merely by light but by modes of stimu- 
lation so diverse as electrical thermal geotropic and chemical 

Besponse of all anisotropic organs to lateral stimulus is included in the 
following generalisation — 

An anisotropic organ uhen laterally excited by any stimvlm undergoes 
torsion by which the less excitable side is inode to face the stimulus 

In a dorsiventral organ, it is the upper side which is generally speaking, 
the less excitable Hence the above generalisation may be expressed in 
the following simpler terms Lateral stimulation of a dorsiventral organ 
induces a torsion which is right handed, when the right flank is stimulated 
Left handed torsion is induced by the stimulation of the left flank 

Torsional response of petiole of Hdmnihus — The above generalisation finds 
independent support from the response of the petiole of Helianthus to 
various stimuU applied laterally 

Experiment 2 — Two fane pins are thrust about 1 cm apart on the right 
flank of the petiole of Helianthus to serve as electrodes for application of 
induction shocks from a secondary coil, a similar pair of electrodes are 
attached to the left flank On appkcation of a feeble tetanising shock to 
the right flank, the petiole exhibited a nght-handed torsion , stimulation of 
the left flank mduoed a left-handed torsion Electnc stimulation quickly 
stirs up the mternal tissues, hence the latent penod is short, and the 
responsue reaction is rapid (fig 4 a) I next took a different specimen, 
and applied the stimulus of light to the right and the left flanks alternately 
This gave rise to light- and left-handed torsions as under electric stimulus 
the only difference bemg m the slower reaction and prolonged latent penod 
(which was 16 minutes) (fig 4 6) It must be remembered that in the case 
of light the excitation is gradually transmitted from the outer surface to the 
inner tissues As regards the direct action of light, the results given above 
show that the responsive leactions of sensitive and ordmary plants are not 
different, but essentially similar With reference to the beliotropio adjust- 
ment of leaves, we found that when light strikes symmetnoally in front, 
the leaf bends towards it The growing stem itself is excitable, and its 
induced curvature is a contributory factor in placing the surface of the 
lamina at right angles to the hght Leaves struck laterally by light undergo 
torsion which is defimte, being determined by the direction of the moident 
light The torsion thus induced places the leaflets of the lamina at light 
angles to the light These effects are produced, as stated before, when the 
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responding pulvmus or petiole are directly exposed to light, the leaflets and 
lamina being protected from it 

The hehotropic adjustment of leaves often takes place as we have seen 
when the motor organ is m the shade or is artificially kept so There must 
therefore be transmitted impulses by which the distant motor apparatus is 
so actuated that the leaflets or the lamina are placed at nght angles to the 
light The transmitted impulse if single or diffuse cannot evidently exert 
the necessary directive action I shall presently show that the transmitted 
impulse 18 of a nervous character that the impulses are more than one and 
distinct from each other and that they travel by different channels fiom the 
lamma which perceives light to the distant motoi region where movement is 
effected m response to transmitted excitation 



Fia 4 — Tomonal respome of petiole of Hehanthua in reaponae to (a) electric atimulua 
and (6) to ati mulua of light B and L are the oppoaite reaponaea, due to atimulation 
of the nght and left flanks SuccesaiTe dota are at intervals of SO seconds The 
proloi ged latent penod under light is not shown in the record The portion of 
record exhibiting recovery la also omitted 

The Complex Chaiader of the Motor (hgan — As regards the motor organ 
itself I have stated that it is not simple but very complex This will be 
understood from the following experiments on the pulvmus of Mimosa Let 
us imagme the pulvinus to be diagonally divided mto four quadrants When 
the upper quadrant is subjected to light acting from above the responsive 
movement of the leaf is upwards sUmulation of the lower quadrant by light 
acting from below mduces a down movement The stimulation of the nght 
quadrant (nght flank) by a honzontal beam of light mduces as we have seen 
a n{^t handed torsion the left quadrant responds by a left-handed torsion 
The four quadrants may therefore be regarded as four independent effectors 
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the resulting movement being determined by their combined effects We 
may distinguish these four effectors as the upper, the lower, the right and the 
left effectors We shall presently find that these different effectors are set m 
action not merely by direct stimulation, but by the transmitted impulses from 
a distance, along definite conducting strands by which the different effectors 
are definitely innervated 

III The Nervous Mechanism in Plants 

I shall now describe the " nervous ” mechanism by which stimulus received 
at the receptive end gives rise to an excitatory impulse which is conducted 
along certain definite channels It is necessary here to justify the use of 
the terms nervous tissue and nervous impulse m regard to plants, since 
the idea has long been prevalent that there is nothing in plants which 
corresponds to the nervous impulse in animals The transmitted effect of 
stimulus m Mimosa was thus regarded not as a propagated excitation 
hut merely a hydro-dynamical disturbance I have shown, however (7) 
that the transmitted impulse is of an excitatory character, that it may be 
blocked by various physiological blocks, and that, like the nervous impulse 
in animals, the velocity of transmission is enhanced with a rise, and 
depressed or even arrested by a fall of temperature 

6 Heceptor, Conductoi , and Effector 

The nervous system of plants must be raided as of a comparatively 
simple type In speaking of the evolution of the nervous system Parker points 
out that the contractile tissue or muscle appeared first as an independent 
effector, and that the nerve developed secondarily in conjunction with such 
muscles as a means of quickly setting them m action, that a receptor or 
sense organ alone would be of no service to an orgamsm neither would 
nerve or nerve centres alone , whereas a muscle cell or effectoi is of use if it 
can be stimulated directly (1) 

In plants we find clear mdications of these different stages Thus in the 
leaf of Eryihnna tndica, and in the terminal leaflet of Desmodium gyrans, 
the pulvinus is the independent effector, the connecting nerve hnk bemg 
absent or functionally ineffective, heliotropic movement thus takes place 
when the pulvinus is directly stimulated, illumination of lamina having no 
effect In Mimosa and m Hehanthus, on the other hand, the mtermediate 
nerve network has, as we shall find, become effective, the leaflets or the 
lamina serving as receptive organs Haberlandt (9) has shown that m many 
cases the epidermal cells of leaves are of a lenticular shape, for increasing 
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the perception of light He rightly observes that m zoological nomen 
clature organs concerned with the perception of external stimuli have 
always been known as sense organs even among lower animals and in other 
cases m which it is doubtful if the organs in question are responsible for 
sensation m the psychological sense It is therefore not only permissible 
but necessary in the interest of consistency to apply the term sense organ 
to the analogous structure in plants 

With i-egard to nerve and nervous impulse I quote the following from 
Bayliss (1) italicising the important passages — 

We find the presence of nerve at a very early stage of evolution 
The effect of anything 1 appening at one end of such a thread is conveyed 
with great rapidity to the other end of the nerve wherever it may be Nerve 
fibres have no other function than that of carrying excitation When set mto 
activity by some influence the disturbances set up disappear spontaneously 
after a very short time if the stimulus ceases to act It w usual to 

speak of a p opagated disturbance passing along the nene or sometimes a 
nervous impulse The most sensitive apparatus has been able to detect with 
certainty one kind of change accompanying the passage of the propagated 
disturbance namely an electrical effect 

All the characteristics of nerve described above are also found in the con 
d ictmg tissues of plants As r^ards the velocity of transmission of impulse 
it 18 not so high as in higher but not so slow as in lower animals Thus 
in the frog s nerve the velocity is about 32 metres pei second in Lledone it is 
however as low as 1 mm per second The velocity in Mimosa is about 30 mm 
per second Though the propagated disturbance causes no visible change 
yet the nervous impulse in plant as m animal may be detected by definite 
electric change of galvanometnc negativity the distuibance set up disappears- 
spontaneously on the cessation of stimulus If the electric contact be made 
only at one point of the plant nerve the other being at a distant indifferent 
region the eleotnc response is monophasic But if the contacts are made at 
two points of the nerve the proximal is the first to become galvanometncally 
negative the propagated disturbance then reaches the distal point with con 
comitant negativity of that point We thus obtam the characteristic diphasic' 
response of the nerve (see below) 

Since the nervous reactions in animals and plants are so essentially similar 
delay in full recognition of this fact will undoubtedly retard the advance of 
science I shall in the present paper demonstrate certam striking effects in 
plants which at first sight would no doubt appear as very astonishmg but 
which in reality result from nervous reaction usually regarded as the special 
characteristic of the animal I shall be able to show that in the plant a 
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deRnite nervous link exists between the receptor and the effeotor, and that 
there is a well-developed system of innervation, by which the “ attitude of 
the plant-organ becomes adjusted to the incident stimulus 

7 Loccdxaation of Nervous Tissues in Plants 

I have in my previous works shown that in Mimosa stimulus gives rise to 
an excitatory impulse, which is transmitted with a definite velocity, that this 
impulse has all the characteristics of the nervous impulse in animals The 
most important problem in connection with this subject is the localisation of 
the conducting or nervous tissues I succeeded in isolating a length of such 
a tissue in ferns and was able to obtain with it many results which are 
regarded as characteristic of nervous tissue in animals In Mimosa, however, 
it 18 impossible to isolate the nervous tissues without injury, and I have for 
many years been confronted with the problem of localising in situ the 
particular tissue which serves as the conductor of excitation I have recently 
been successful m my efforts, the method employed being that of the 
electric probe (6) by which I was able to localise the geotropic sense oi^n 
in plants 

Limitation of space enables me only to give the essential details of the 
method of localisation of nervous tissues and some typical results A fuller 
account will be given in the forthcommg number of the ‘ Transactions ’ of my 
Institute 

The principle of the method will be understood if we take the somewhat 
analogous case of a cable along which electric messages are being transmitted 
The conducting strand is hero embedded in a non-conducting sheath We 
can localise the embedded conductor and pick up the transmitted message 
by gradually thrusting in the electric probe which is insulated except at the 
extreme tip. A galvanometer included in the circuit of the probe will 
begin to pick up messages that are being transmitted from the moment of 
contact of the tip of the probe with the oonductmg strand The depth of 
insertion for contact can be read on a suitable scale and the position of the 
conductor may thus be determined 

We may similarly looahse the exact position of the conductmg nerve 
embedded in the petiole of Mimosa (fig 6) Excitation of the sub-petiole will 
give rise to an excitatory impulse which travels in a centrifugal direction 
towards the stem This excitatory impulse is of galvanometnc negativity 
The conducting nerve will be most mtensely excited by the transimtted 
impulse, and the induced electnoal change of this particular tissue will be 
maximum Excitation will no doubt be irradiated to the adjoinmg tissue. 




Fio. e.— The Electric Probe for locaheation of servoue tissue in plsntB, P, the probe 
in ciicuit with the galvanometer, G ; S, the screw head, by the rotation of which 
the probe enters the petiole in successive steps ; I, index by which the depth of 
intrusion may be determined. 


The experimental procedure is as follows : — The probe is intruded perpen- 
dicularly along the diameter of the petiole. The intrusion of the probe is by 
steps, say of 0 06 or 01 mm. at a time. The slight wound produced by the 
insertion of the tip of the probe causes an excitation, which subsides completely 
in the course of about fifteen minutes. The sub-petioles are now stimulated 
by suitable stimuli, which may be chemical, thermal, mechanical or electric. 
The excitatory impulse is propagated preferentially along certain conducting 
channels in the petiole. The results to be described were obtained with all 
the different modes of stimulation. The electric mode of stimulation has the 
advantage that it can be maintained constant or varied in a graduated manner. 
Special precautions are taken that there should be no disturbance caused by 
leakage of the stimulating current ; this is verified by the fact that reversal 
of primary current which actuates the secondary coil causes no change in the 
electric response ; the excitatory electric change in different layers of tissue 
is, moreover, definitely related to the character of the tissue. 

I shall anticipate results by describing the characteristic effects. The 
excitatory electric change detectable in different layers as the probe passes 
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from the epidermis to the central pith is found to rise suddenly to a maximum 
in the phloem portion of the flbro-vascular bundle ; the xylem shows httle 
or no transmitted excitation. Hence we arrive at the conclusion that it is 
the phloem which functions as the nerve of the plant The characteristic 
electric maximum was not found in experiments where the probe missed the 
phloem ; greater experience now enables me so to direct the passage of the 
probe as not to miss the nerve tract. 

In the diagram of the transverse section of the petiole of Mimosa usually 
given in text-books there is in each bundle a single phloem strand outside 
the xylem. I was, therefore, considerably puzzled by the fact that in 
traversing the bundle I obtained two electric maxima, one before reaching 
the xylem, and the second after passing it. In order to determine the cause 
of this anomaly I made transverse sections of the petiole of Mimosa. 
Differential staining clearly brought out the fact that the phloem strand is not 
single but double, one above and the other below the xylem. The second 
electric maximum coincided with the inner phloem. 



Fia. e. — Micro-photograph showing a quadrant of the petiole and the flbro-vasoular 
bundle, llie tiasuea seen in the sectibn* are . the epidermis, the cortex, the bundle 
sheath, the first phloem, the xylem, the second phloem, and the central pith. 
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It may be stated heie that in petioles provided with four sub petioles there 
are four distinct bundles with four nerve trunks But in specimens with 
two sub petioles wo only find two bundles corres^ onding to the two sub 
petioles Two sub petioles are found generally speaking in younger 
specimens The micro photograph (fig 6) shows one of the bundles 

Expmment 3 — Electrical excitation in different layers I shall now give 
detailed results of localisation of the conducting tissue The probe euteis the 
epidermis and is pushed in by steps of say 0 05 mm it passes in succession 
the cortex G the outer phloem P the xylem X the inner phloem P and 
the central pith O The thickness of the different layers is modified bj age 
of the specimen In the records given below (fig 7) the electric response 



Fio 7 — G»1 vanometnc record of tranamitted excitation in different layers of the petiole 
the fint u the positive reeponee of the e]rideriniB, the second u the feeble negative 
response of the cortex, the third fourth and the fifth are the enhanced responses in 
the first phloem the sixth shows absence of excitation in the xylem the seventh is 
the enhanced response m the second phloem the eighth is the diminished response 
in the pith 

of the epidermis s= +12 divisions of the galvanometer I have shown else 
wheie(8) that the epidermis which protoplasmically is more or less dead gives 
either a zero or a positive m contradistinction to the normal negative response 
of living tissues The probe at a depth of 0 1 mm encountered the cortex and 
the response there was — 17 divisions The phloem extended through 0 16 mm 
the average depth being 0 2 mm The response in this region underwent a 
sudden enhancement as seen m the three responses —61 —65 and —40 
divisions The xylem which was at a depth of 0 3 mm showed no response, 
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proving that it was a non-conductor; when the probe reached a depth of 
0-36 mm. it encountered the second phloem, where the response underwent a 
second enhancement of —56 divisions The probe reached the border of 
the pith at a depth of 0*4 mm. and the response underwent a diminution 
to —26 divisions. In cases where the incident stimulus on the sub-petiole 
IS feeble the irradiation eftects are greatly diminished , the excitatory trans- 
mission is then found only m the phloem I give below a summary of results 
obtained with ten different specimens — 


Table I — Showing Intensity of Transmitted Excitation in Diti'ereut Lasers 
in Ten Different Specimens 



It will be seen that in all cases the phloem is invariably found to be the 
best channel for conduction of excitation. The following curve (fig 8), 




Layr ^ ctlU. 


Flo. 8 — Curve ehowing the different inteneitiea of tranimitted excitation in different 
layer* : E, epidermis ; C, cortex j P, first phloem , X, xylem ; P', second phloem ; 
O, pith 

VOL. XCIU.— B. 0 
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plotted from the mean values oiven in lable 1 illustrates this in striking 
mam ei 


IV The Ikansmittkd Nervous Impulse 

111 certain experiments with petioles liavni^ four bun lies I allowed the 
pi be to 1 ass vei tically through the petiole w hen it eiico mtered the upper 
an 1 lower bundles I thus obtained maximum transmitted excitations in the 
phloems of the upper fibro \a8cnlir 1 undle and a similar maximum in the 
phi ems of the lower bundle the intervening lasers of tissue being practically 
non conducting >iom thi-nt follows that excitatory impulse is projagated 
al 1 „ lefinite channels through the length of the petiole 


8 Definite Innenalion 

We shall now follow the nervous strand fiom the perceptive lamina to the 
motor organ In Mimosa the leaflets attached to the sub petioles form the 
perceptive area for light The excitation is conducted along the phloem 
strand of the sub petiole and thence through the connected phloem in the 
petiole In leaves with four sub petioles there are as stated before four 
maiu bundles which reach the motile organ the pulvinus There the fibro 
vascular bundles apparently fuse but very fine section of the pulvinus shows 
libes of separation In any case I shall be able to show that nervous strands 
are physiologically distinct These terminate m the four effectors of which 
two are lateial the right and the left effectors the other two are upper and 
lower effectors In younger specimens of Mimosa there are two sub petioles 
instead of four and the two nerve strands are continued to the nght and 
left flanks of the j ulvmus the particular lunervatioii being to the right and 
left effectors respectively In Helianthus the right and left nerve pass along 
tl 0 light and left flank of the petiole which os we have seen serves as an 
exteudel motor organ The following results will show that these strands 
function as distinct nerves — 

Ej pa incite — One electrode was pricked in so as to make contact with 
the phloem of the right bundle embedded in the petiole the second contact 
was made with a distant inlifferent point Fleotnc stimulation of the 
right vein of the lamina of Hehantbos gave rise to electric response of 
galvi lometric negativity tie lesponse being mono phasic Apphcation of 
thermal and cheniicdl stimulus produced similar results (fig 9) 

Experiment 5— The second electrode was lu this case thrust into the 
ueive of the plant about 1 cm behind the first electrode The response is 
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now diphasic since excitation reached the two points in succession (fig 9) 
Discontinuity of tlio nerve stops the transmitted impulse as wUl be seen 
below 



Fig 9 — Oalvanometric record of transmitted excitation in the nerve of Helianthus 
The fint is m response to electric stimulus, the second and the third to thermal and 
chemical stimulus. Note m these multiple responses due to strong stimulati n 
The fourth exhibits diphasic response (see text) 


9 The Directive Action of Propagated Impvlie in Heliotropic Leaf adjustment 

In Mimosa and in Helianthus I have traced the nervous channels from 
the receptor to the effector and showed how the nervous impulse is 
propagated along defimte channels The most difiicult problem that 
confronts us now is to explain the responsive movement and torsion of the 
motor organ by which the expanded leaf surface faces the light I shall now 
describe the motor reaction when different parts of the leaf surface are locally 
stimulated not only by light but by diveise modes of stimulation 
(a) Mimosa pudica 

Experiment 6 — For this experiment I first took specimens of Mimosa leaf 
having two sub petioles The right sub petiole was stimulated by feeble 
tetanising electric shock The response was by right handed torsion The 
latent period was 2 seconds and the torsional movement continu^ foi 
20 seconds even on cessation of the stimulus aftei which there was a 
slow recovery not shown m the reeord (hg 10 a) Ihe propagate! impulse 
has thus followed its definite path and reached the right flank of the 
pulvinus or the right effector We saw that the characteristic response 
of this particular effector is by a light handed torsion Thus the same 
response takes place whether the effector is directly stimulated or by 
transmitted excitation This finds strongest confirmation from the following 
expenment where the responsive movement is made to undergo reversal 
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Ecperiment 7. — The left sub-petiole was now stimulated feeble 
tetanising shock, as iii the last experiment. The response was now by a 
left-handed torsion (fig. 10, «) , the nervous impulse now reached the left 
flank of the pulvmus, or the left-effector, the characteristic response of 
which is by a left-handed torsion. The leaf may thus be twisted to the 
right or to the left by alternate stimulation of the two sub-petioles A 
feeble tetanising sliock should be used for these experiments, since a strong 
excitation becomes diffused as it reaches the fibro-vascular ling in the 
pulvinus, and the predominant excitation of the entire lower half -would 
then mask the charaotenstio effects of the right or the left effectors As 



Fio. 10. — R«8ponBive torsion by trannnittod oxcitation in Mimoea under (a), electric 
etimulue , (6), under itimulua of light. Note light-handed and left-banded toniona 
by stimulation of the right and left snb-petiolee. Succeaeive dots in (a) are at 
interrale of S eeconde, and in (6) 20 seconds. Note the quick reaction under electric, 
and slower reaction under photic stimnlation. 

r^rds leaves with four sub-petioles, we shall presently find that they 
transmit definite impulses to the four quadrants of the pulvinus, to the right 
and to the left, to the upper and the lower effectors, thus giving rise to 
definite reflexes. 

Ex/perivunt 8. — Stimulus of Light — I next tried the action of stimulus of 
light on the leaflets of the right sub-petiole, here also the transmitted 
excitation induced a right-handed torsion The latent period was, for 
reasons explained before, longer than in the case of electric stimulation. 
It should be remembered that the light was applied vertically, and the 
responsive torsion was such that the amount of light absorbed by the 
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leaflets became reduced by the torsion Hence it is obvious that it is not 
the advantage of the plant but the inevitable physiological reaction that 
determines the movement Stimulation of the leaflets of the left sub petiole 
induced a left handed torsion When the leaflets of both the sub petioles 
were illuminated by veitical liglit the two resulting torsions balanced each 
other While in this state of dynamic balance if the intensity of light on 
one of the sides say the left be diminished by interposition of a piece of 



Fia 11 — The upper figure u a diagram of atimulation of nerve ending of Helianthua 
The record below ihows that stimulation beyond the cut give* (a) no reiponie 
while atimulation at b, induces right handed torsion 

paper the balance is at once upset and we find a right handed toision It 
18 thus seen that equilibrium is only possible when the entire leaf surface 
(consisting of the two rows of the leaflets) is equally illummated , and that 
would be the case when the surface is perpendicular to the incident light 
The dia heliotropio attitudes of leaves is thus brought about by distinct 
nervous impulses initiated at the peroeptiie region actuating the different 
effectors 

In the ease of leaves with four sub petioles illumination of the extreme 
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right induces as already stated a right handed toision that of the second 
sub petiole from the right brings ab lut a movement of erection the stimula 
tion of the thml causes a down movement while that of the extreme left 
causes a left handed torsion The leaf is thus adjusted in space by co ordinated 
action of four distinct reflexes 

(b) HelmiUlnui tn mm 

Besults in every way similar are obtained with leaf of Helianthus Here 
we can distinguish three main veins or nerves which collect excitation from 
diffeient regions of the lamina 

Ijqienment 9 — I first tried elootiic stimulation Ihe insertions of the 
electrodes were made in the manner shown in the diagram (fig 11) 
Experiment 10 —Effect of Discontinuity — A out is made between a and b 
thus mterrupting the continuity of the nerve Electric stimulation at a 
induced no responsive movement, stimulation at b induced however the 
normal response by right handed torsion (lower record fig 11) 

Fxpennunt 11 —Alternate Electric Stimulation — The right and left nerve 
endings in the lamina were stimulated alternately This gave nse to right 
handed and left-handed torsions respectively In fig 12 a is given the recoid 
of right handed torsion 

The followmg experiments will show that photic sbrnulus induces a reaction 
which 18 similar to that of eleotrio stimulus — 

Experiment 12 — Stimulus of Light — Sunlight was thrown first on the 
right half and then on the left half of the lamina. The transmitted excita 
tions induced corresponding torsional responses (fig 12 b) A balance was 
produced when the two halves of the lamma were simultaneously exposed to 
equal illumination Here also os in Mimosa the beliotropic ai^ustment is 
brought about by balanced reactions of the different effectors 
The movement of a dia heliotropic lamma has been figuratively compared 
with the movement of the human eye by which it points itself to a luminous 
object It 18 strange that there is more truth in this comparison than was 
suspected In desoribmg the rolling of the eyeball Bayliss says (1) When 
there are two sets of muscles actmg on a movable organ such as the eye or a 
part of a limb in such a way that they antagonise one another it is clear that 
for effective performance of a particular reflex movement any contraction of 
the muscles opposing this movement must be inhibited Further the mhibi- 
tion of one group must proceed pan passu with the excitation of the other 
group to ensure a well-controlled and steady motion 
Now in the torsional adjustment of the leaf due to unequal stimulation of 
the two receptors — the right and left halves of the lamina — let us take the 
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extreme case where one half say the riglit is alone stimulated either by 
hght or by electric shock The two eHectora for toisional movement the 
right and the left are the responding tissues in the right and left flanks of the 
petiole These are actuated by the nervous impulses transmitteil along the 
two conducting strands When the right half of the lamina is stimulated 
the transmission of excitation along the conducting strand on the right is 
detected (Experiment 5) by an electric change of galvaiiometiic negativity, 
and the conesponding mechanical response of the right effector is as shown 
before, by a right handed torsion Wo may next inquire tlie nature of the 
transmitted impulse along the left flank of the petiole concomitant with the 



Flo IS — Torsional lesponse due to transmitted excitation in Heliantbus (aX right 
banded torsion due to electric stimulation of the nerve ending in the right half of 
the lamina (b), nght handed and left banded torsions due to transmitted excitations 
caused by alternate illumination of the nght and left half of the lamina Light 
was stopped after the thick dot 

excitation of the right half of the lamina It is obvious that a similar 
excitatory impulse on the left flank (the electric indication of which is 
galvanometno negativity) would oppose and thus neutralise the particular 
directive movement Hence for ensuring a steady directive motion in 
response to stimulation of the nght half of the lamina all excitatory impulse 
to the left flank of the petiole should be inhibited I urther, the directive 
movement induced by the stimulation of the riglit half of the lamma would 
be actively helped if the motor reaction of the left flank of the petiole be of 
an opposite character to that in the light flank We found that the right 
handed torsion is induced by a differential contraction of the right flank 
and for concordant effect the reaction of the left flank should be opposite 
te a differential expansion The nervous impuhe winch actuates the right 
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effector w hen the ri^ht half of the lamina is alone stimulated is indicated by 
j,alvanometric negativity for concordant movement under the above con 
dition the impulse which actuates the left effector should be of opposite 
si^n If of gal vanornetric positivity 

I carrietl out two sets of expenments on the above hues with an identical 
Jeat of Helianthus lirst I carried out the usual experiment of the electric 
•detection of transmitted excitatory impulse In this one of the contacts 
was made with the right nerve m the petiole the second being with a distant 
ondiffeient point The nerve endings on the right halt of the lamina were 
electrically stimulated and the transmitted impulse along the nerie gave the 
usual excitatory reaction of gal\ anonetne negativity A second pair of 
contacts were made for detection of transmitted impulse in the nerve of the 
left flank of the petiole Stimulation of the nerve termination of the light 
half of the lamina gave in the left nerve a reaction of gahanometrio positivity 
III practice stimulus was always applied to the right half of the lamina and 
galvanometrio connections were made alternately with the right and left 
nerve The lesults were always the same and showed that excitation of a 
nerve gave nee to an opposite reaction in the contiguous nerve There is no 
doubt that these two nervous impulses of opposite signs reaching the 
antagonistic tissues of the two flanks of the motor organ must be of import 
ance in the co-ordination of the resulting movements 


Genrtal Stivimary 

In certain leaves the heliotropic adjustment is brought about by trans 
mission of neivous impulse to the motor organ A continuity is shown to 
exist III the response of sensitive and ordinary plants Mimosa pvdwa 
18 taken as a type of the former and HeliaiUhm annum of the latter 
Mechanical response is brought about in both by the diffeiential excitability 
of the upper and lower halves of the motile organ The lower half in both is 
the more excitable Local stimulation of the abaxial half of the organ induces 
an erectile movement that of a iaxial half a more rapid downward movement 
Heliotiopic curvature of a stem is due to the joint effects of contractile 
reaction of tlie proximal and expansion of the distal side 

The daily periodic movements of the leaves of Mimosa and of Helianthus 
are essentially similar The diuinal movement is brought about by the 
vanation of the geotropic action with changing temperature and by the 
varying intensitj of liglit The leaves erect themselves duiing the fall of 
temperature from thermal noon at 2 i u to about 5 30 pm Owing to the 
rapid diminution of light in the evening the leaves undergo an abrupt fall 
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which continues till 9 pm. After this the leaves erect themselves till the 
maximum erection is attained at 6 a M which is the thermal dawn The 
movement of the leaves is then leversed and there is a continuous fall till 
the thermal noon at 2 p M 

A very important motile reaction in the adjustment of leaves is the torsional 
rcsiKuiBO to lateral stimulus The following is the law which determines the 
directive movement An anisotropic organ when laterally stimulated by anj 
stimulus undergoes toision by which the less excitable side is made to face 
the stimulus In a dorsi ventral organ the tipper side is, generally speaking 
the less excitable side and the response of such an organ to lateral stimulus 
may be expressed in the following simple terms Lateral stimulation of a 
doisiventral organ induces a torsion which is light handed, when the light 
flank 18 stimulated Left handed torsion is induced by the stimulation ol the 
left flank 

The efleots described aliove take place by direct stimulation of light They 
also take place under transmitted excitation 

The motor organ may be regarded as consisting of foui effectors, the 
response of the right effector is by a right handed torsion and of the left 
effector by a loft handed torsion The upjiei and lower effectors respond by 
rectilinear up and-down movements 

The nervous tissue in planta was locahsed by means of the Electric Probe 
which was made to .puss by successive steps through the jietiole The 
maximum transmitted excitation was localised at the phloem portion of the 
flbro-vascular bundle Hence the phloem functions as the neive of the jilant 
Excitation at the icceptive legioii is propagated along a definite conducting 
channel, which is traced from the receptive area m the lamina to the coire 
spending effector in the niotoi region 

In a petiole of Mimosa provided with two sub petioles carrying rows of 
leaflets, stimulation of the right low of leaflets by light gives rise to an 
exoitatoiy impulse which leaches the right effector and induces a right-handed 
torsion Stimulation of the left low of leaflets induces the opposite, or left- 
handed torsion When both the sub petioles are illuminated equilibrium is 
only possible when the eiitiie leaf suiface (consisting of the two rows of 
leaflets) is perpendicular to the incident light The dia-heliotropic attitude 
of leaves is thus brought about by distinct nervous impulses initiated at the 
perceptive region actuating the different effectors 

In Mimosa with four sub-petioles illumination of the second sub petiole 
induces an up-inovement, that of the thud sub-petiole a down-movement 
The leaf is thus adjusted in space by the co ordinated action of four reflexes 
Eesolts similar to the above were also obtained with Helianthns 
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1? or the movement of the eye the contraction of the muscle opposin" the 
movement has to be inhibited In the torsional movement of the leaf it is 
found that the stimulation of one nerve causes m a contiguous nerve an 
opposite reaction Ihe nervous impulses of opposite signs reaching ditterent 
flanks of the motile organ is thus of importance in the co ordination of the 
resulting movement 
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The Ultra-Violet Absorption Spectm and the Optical Rotation of 
the Proteins of Blood Sera. 

By S Judd Lewis, DSc (Tubingen), BSc (London), FI (’ 
(Communicated by Prof J N Coihe, FRS Received Apnl 29, 1921 ) 

The earlier part of this investigation was described in a paper entitled 
The Ultra-Violet Absoiption Spectra of Blood Sera,’ communicated by 
Sir William Ramsay, K CB, to the Royal Society lu 1916 and published in 
the ‘ Proceedings’ (senea B, Vol 89, pp 327 to 335) 

At the close of the paper, attention was directed to the inadequacy of the 
sector spectrophotometers then available, and reference was made tK> one of 
new design then under construction In the meantime, a full description of 
this instmment has been published iii a paper entitled " A New Sector Spectro- 
photometer’ by the present writer, in the ' Ti ansae tions of the Chemical 
Society ’ (1919, vol llo pp 312 to 319), together with hgure and diagrams 
With this instrument completely satisfactory lesulls have been obtained, and 
with it most of the work now to be described has been done 

The earlier work had reference t(^ serum as a whole , and os foreshadowed 
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in the paper cited the later effort has been directe 1 to a study of the proteid 
components of serum and their individual influence on tlie spectrum For 
this the Beit Research Fund Committee of the British Homoeopath lo 
Association have aj^in given generously the necessary hnancial aid out of the 
funds placed at their disposal by Mt Otti Beit for j irposes of scientihc 
research 

A search in the literature has failed to reveal any information on the subject 
so that in all parts of the work it was necessaiy to bieak new gro ind Two 
papers on Ultraspectroscopic Studies in Blood Seuini one by T Tadokoro 
and the other by T Tadokoro and Y Nakayama appearel in Ameiica in the 
Journal of Infectious Diseases for January 1920 (vol 26 pj 1 to 7 an! 8 
to 16) and recall the subject matter of the first paper cited but they do not 
in any way anticipate the present comm inication 

It has already been observed that the absorption band of serum is caused 
entirely or almost entirely by the proteins contained and it became a niattei 
for inquiry as to whether the albumin pseu lo globulin and eu globulin were 
similarly or variously absorbent of ultra violet light 

The necessary preliminary to a spectroscopic exaimnation of these com 
ponents was to separate them in a pure state and to devise means for deter 
mining the concentration of the solntion employed This proved an 
unexpectedly difficult task paitly because of the confused state of the informs 
tion available and partly because of the necessity of employing solutions perfectly 
free from preservatives and other substances capable of affecting the siieotium 
absorbing power of the solutions In the end there was no alternative to 
relying on one s own discretion and to devising the details of the processes 
of separation and purification Q-reat care was exercised with a view to purity 
and gonstaucy of product 

In formulating the processes much attention was paid to those published 
by Hardy Hartley and Haslam but more particularly to the researches of 
Dr Harriette Chick on the physical conditions which control the precipitation 
of the proteins of serum published in 1913 and 1914 in the Biochemical 
Journal 

Method of Separaiing the Pi oleins 

In the processes of separation ammonium sulphate was practically the only 
reagent employed The purest qualities obtainable commercially were 
carefully tested for organic matter as traces of this would affect the absorption 
spectrum and the best specimens were selected . 

The manner of procedure was in principle such as that usually followed 
depending on suitable application pf various concentrations of ammonium 
sulphate but numerous details were carefully studied and amongst these the 
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following may lie inentioiiol It was found desirable to employ fairly large 
quantities of m iterial such as two litres of the clear serum and at each stage 
to work at first with sclutions of ammonium sulphate which were as precisely 
as possiUe of full one half oi one third saturation and then when required 
to add small but known excesses The aihumin precipitates were dissolved in 
such a quantity of water as to produces 14 or 16 per cent solution and 
lepreci pita ted the fiist time by the addition of specially recrystallised 
ammonium sulphate and on subsequent occasions by the aid of ammonium 
sulphate an 1 a very small quantity of acetic acid aud left to stand over for 
some dsys to allow the precipitate to become micro crystalline With horse 
seium the best crystals were obtained after the fouith precipitation With 
human serum the particles did not form cystals but they exhibited a well 
defined uniformity of shaje suggestive of an approach to a radiate crystalline 
structure 

The mixed globulins were precipitated three times and then separated from 
one another by dissolving m sulhoient water to produce an approximately 
2 per cent solution and precipitating by increasmg the ammonium sulphate 
concentration to one third saturation 

The pseudo globulin was freed from accompanying eu globulin by slightly 
incieasiug the ammonium sulphate to nearly 36 per cent saturation and 
filtering and then by adding four small equal quantities of saturated 
ammonium sulphate solution and allowing to stand after each addition so 
that the final concentration was nearly but not quite 37 per cent saturated 
with a view to removing any remaining eu globulin After filtration the 
pseudo globulin was leprecipitated ly incteasing the ammonium sulphate to 
one half saturation and collected for use 

The eu globulin was reprecipitated by ammonium sulphate foui times from 
dilute solutions With ascitic fiuid a small amount of a brown jelly like 
substance sometimes accompanied the eu globulin When this was the case 
the impure eu globulin was dissolved as completely as possible in a small 
quantity of water and then saturated ammonium sulphate solution was added 
until a small but considerable pi-ecipitato was formed stirred well and filtered 
The jelly like substance remained on the filtei together with a small quantity 
(probably 20 or 30 per cent ) of the eu globulin The filtrate was then quite 
clear «md was treated as an ordinary solution of eu globulin Subsequent 
precipitations usually gave no trouble 

Optical Rotation of the Pi oteina 

It was at first assumed that each protein would have a constant rotatory 
power and that observations of the specific rotations would settle the question 
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of purity However the literature of the subject revealed the widest 
disparity of figures for the same protein and as lelial le data did not appear 
to be available recourse was had to determining the concentrations of the 
solution by chemical means and to taking advantage of tlie opportunity which 
the principal work afforded of determining the specific rotations of the several 
proteins In view of the separations having been carried out with such 
thonmghness the figures should be fairly accurate an 1 reliable 

There is probably a normally definite specific lotation for each of the 
globulins although experimental results do not favour this viow with regartl 
to the albumins On the other hand one must take into consi leration such 
cases as that of the pseudo globulin from specimen No 201 The specific 
lotation was determined twice on two entirely independent solutions of 
different concentration the concentrations having to be ascertained separately 
by chemical means The two results are —43 26° an 1 —43 82° wheioas the 
adopted figure for other pseudo globulins is — 46° This seems to sho v that 
if there 18 a normal value there are specimens having abnormal values A 
study of the figures as a whole leads to the conjecture that a given specimen 
may be pure in the chemical sense but consist of a mixture of optical 
isomers of the protein A closer exammation of the data reveals many 
irregularities not apparent at first sight For example the two most recent 
and best spetimons of pseudo globulin from the horse had the specific 
rotations —6206° and —5217° while an earlier specimen gave —49 50° 
Corresponding specimens of human origin gave — 41o° —46 97° —47 66° 
and —46 35° the first three having been separated from ascitic fiuid and the 
last from normal serum There is thus exhibited a well marked differentia 
tion between the rotation of the human which may be taken as —46° and 
that^of the horse which may be taken as —62° 

Similarly with eu globulin the figures for the two best and most recent 
specimens of horse are —43 03° and —43 04° and for an earlier one —40 98° 
The human gave —60 24° —4912° —4713° and —47 89° the first three 
referring to the protein separated from ascitic fluid and the last from normal 
serum 

From these one may adopt —43° for eu globulin from horse and —48° for 
the human 

With albumin the results fluctuated considerably For horse —6740° is 
the only figure available For human —65 36° —6443° —65 06° —6914° 
—60 68° —64 83° the first four referring to albumm separated from ascitio 
fluid, and the last two to that from normal serum 

The rotations were observed With solutions containing a httle ammonium 
sulphate By experiment it was ascertained that the change of rotation 
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on vatyiBg the concentration of the ammonium sulphate is so smaH os not 
appreciably to affect the specific rotations found Ihe effect under the 
pieviiling conditions of experiment is not likely to be greater than ±0 2 on 
the bj-ecihc rotation 


Spectrop) otometry of the Solutions 

Stiong solutions of the proteins were obtainel by dissolving the puiified 
precipitates described above in water and their concentrations were ascer 
tamed by determining the total solids and the ammonium sulphate in the 
solution an 1 taking the difference as protein This method gave constant 
and apparently satisfactoiy results In eveiy case the work was done in 
duplicate and sometimes in triplicak 

The strong solution was polarised with the object of determining the 
specific lotation and suitably diluted with listilled water for use in the 
speotiophotometer The concentrations found to work best that is such as 
to exhibit a well developed band have been found to be 0 08 per cent for the 
albumin 0 04 ^ler cent for the pseudo globulin and for the eu globulin 

The strengths of the solutions weie estimated approximately by means of 
the polarimeter for immediate use and corrected later when the chemical 
figuies became available 

Tlie dilution was filled into a 2 cm observation tube fitted with quartz 
ends and a second tube was filled with a solution of ammonium sulphate of 
approximately the same strength as was the protein solution with leference 
to this salt usually this was obtained by diluting saturated ammonium 
sulphate solution 150 times The latter tube was used as a blank in the one 
path of the spectrophotometer so that the observations made with the tube 
of protein solution placed in the other path express the spectrum absorbing 
effect of the protein only 

Ihe process of spectiophotometry was conducted m the manner mdicated 
in the paper fiist cited with all the refinements described in the paper dealmg 
with the new lustiument The series of photographs for each experiment 
extended over three plates making a series of fifty four in all 

The absorption curve is plotted with extinction coefficients as ordinates 
and wave lengths as abscissse The extinction coefficient is calculated on a 
1 cm layer of a 0 1 per cent solution of the protein which according to 
Beers law is the same as that on a 0 1 mm layer of a 10 per cent solution 
This corresponds with the protein concentration of serum as nearly as decimal 
figures permit serum contains about 8 per cent of proteins Hence the 
cuives approximate m their values to those already described with reference 
to serum itself In order to correlate the two sets of values either the 
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extinction coeHicients of Bcrum niuBt be multiplied by 1 25 or those of the 
proteins by 0 8 

Each of the protein curves is m general similar in fonn and character to 
that of serum (loc ext ) which demonstrates that the baud produced by seium 
IS an expression of its protein content especially since seiuiii deprived of its 
protein gives no such band (for nt) 

It now lemains to considei the specimens employed and the curve for each 
protein m detail In all eleven specimens of serum were studied six derived 
from the horse and five human The piimary object in employing hoise serum 
was to ascertain the best onditions foi separating and jnirifying the proteins 
so that the human serum might afterwards bo studied with greater confidence 
and certainty The two or three earlier numbers amongst the horse specimens 
may thoreloro be regarded as practice numbers and to that extent the figures 
for these must be held as less reliable 

The horse serum was as nearly as possible strictly noimal as the first 
three specimens were supplied as such from a physiological laboratory and 
the thiee later specimens were derived from animals slaughtered for use as 
human food The seium was mixed with an equal volume of saturated 
ammonium sulphate solution within 24 hours of the slaughter of the horse 
The last of the specimenb of human serum (No 205) was declared to be 
strictly noimal and was fiom a case of cerebral hmmorrhage The other 
four were selected siHJcimens of ascitic fluid Each one was quite clear and 
had the appearance of good seium No 200 being the least satisfactory 
although that was good 

The three later specimens of horse serum and those of ascitic fluid were 
all sufficiently large That of normal human serum was smaller namely 
250'^cc , but in this case by careful manipulation satisfactory separation 
and purification of the three proteins were effected 

Ihe experimental data are collated in Tables I to VI in which the specific 
rotations are repeated for the sake of easy reference Tlie results are 
graphically displayed in the accompanying curves which have been arranged 
in two groups, namely the three proteins from horse serum lu the one and 
those of human origin in the other This is convenient because the cuives 
for the two pseudo globulins are so very nearly alike that they may be 
regarded as the one a replica of the other 

The values brought together in the lables for study and comparison are 
(a) the extinction coefficient at the head of the absorption band at a wave 
length of about 2800 , (i) the extinction coefficient at the point in the band 
where the light absorbmg power is least at a wave length of about 2500 
that 18 , in the depression of the curve (c) the difference between (a) 
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and (5), or the “amplitude” of the band, which shows oonsiderable 
regularity, and appears to be significaut ; (d) the wave-length of the region 
of greatest absorption m the band, that is, at the head ; (e) thb wave-length 
of the point of least absorption in the band, that is at the foot of the 
curve in the depression. 


Table I — Pseudo-Globulin from the Horse. 


1 

1 Specimen 

1 number 

! 

Extinction ooefllcient | 

1 Wa. 

B-length 

SpeciHo 

rotation 

Of head 
at 2800 

Of foot 1 
at 2600 ' 0 

1 

Difference 
r amplitude 

1 Head 

1 Foot 

193 

1 12 

0 43 I 

0 69 I 

2790 

2510 j 


104 

1 81 

0 62 

0-79 1 

2800 

2610 


107 

1 18 

0*46 1 

0 78 

2780 

2618 


198 

1 2 01 

1 41 

0 60 

2780 

2630 ' 

-40 50 

100 

' 1 20 

0 67 

0 72 

2800 

2640 1 

-62 -06 

SOS 

1 18 

0 46 

0-72 

2700 

2500 1 

-62 17 

Adopted 

1 1 -lO 

0-47 , 

0 72 j 

2700 

2620 j 

-62 



Observations on the Figures for Pseudo glohUin, Tables I and II. 

Omitting the earlier numbers, 193 and 194, which represent the first 
efforts, and 200, which was not a very good specimen, the figures exhibit a 
remarkable regularity in the amplitude of the absorption curve as expressed 
by the difference in the extinction coefficients. With one exception 
(No. 198), they all lie between 0-70 and 074. Very little difference 
between the horse and human specimens is evident. The chief distinction 
is that the corresponding coefficients are a little higher for the human than 
for the horse.' 
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One of tlie most striking features of the work is the discovery that 
pseudo-globuliu has probably identically,^ Wtainly almost identically, the 
same form of absorption band of the same magnitude, whether it is of horse 
or human origui. This is good evidence of pseudo-globulin being a chemical 
entity 


Table III — Eu-Globulin from the Horse. 


SpeoimeQ 

number 

Extinolu>u coelttcient 

Ot heed 1 Of foot Difference 

at 2800 at 2SOO. or amplitude 

Wa>e 

Head 

ength 

Foot 

Specific 

rotation 

103 

1-68 

0 48 

1 20 

2800 

2630 


194 

— 

0 63 

- 

— 

2615 


198 

1-44 

0 62 

0'82 

2760 

2530 

-40 98 

199 

1-09 

0 62 

0-47 

2770 

2630 

-48 08 

203 

1 42 

0 89 

0'63 

2780 

2536 

-43-04 

Adopted 

1 42 

0 89 

0 68 

2776 

2632 

-48 


Table IV — Eu-Globulin — Human. 


Speeimen 

number 

Extinction eoefiicient 

Ware -length 

1 

Specific 1 
rotation i 

Of head 
at 2800 

Of foot 
at 2600. 

Difference 
or amplitude 

Head 

Foot 

800 aaoitio ffuid 

1 -37 

0 71 

0-86 

8760 

2030 

-60 24 

aoi „ „ 

1-48 

0-78 

0 68 

2770 

2610 

-49-12 

a02 - ,. 

1 39 

0-67 

0-72 

2800 

2640 

-47 13 

204 ' „ 

1 63 

0 86 

0 68 

2806 

2626 

1 

206 normal aerum 

1-62 

0 89 

0 63 

2790 

2530 

-47-89 I 

Adopted 

1 61 

0 86 

0 66 

2796 

2530 

-48 


Observations on the Figuies for Ea-glohultn, Tables III md IV. 

The curves for the two eu-globulins are so sunilar in their general form 
and magnitude to those for pseudo-globulin as to leave no doubt of a close 
chemical relationship between the two groups, but the minor quantitative 
distinctions are too great and too well-defined to allow of their being 
regarded as mere varieties of the same substance. 

At the present time, it is a matter of great interest to discover any funda- 
mental differences between pseudo-globulin and eu-globulin. Dr. Harriette 

VOL. XOUL— B. P 
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Chick considers the two globulins to be the one a modification of the^other • 
The results of the present inquiry may, on the whole, be held to support this 
view, but they do certainly indicate also that there is some important 
difference between them, which is borne out by the two following con- 
siderations — 

(а) The amplitude figure is much greater foi the pseudo globulin than it is 
for the eu globulin 

For pseudo-globulin this figure is 0 72 for both horse and human , for 
eu globulin it is 0 63 for horse and 0 66 for human Therefore, with both 
vaiieties, theie is a marked difference between the two globulins 
Also, for both horse and human proteins, tlie curve for pseudo-globulin is 
very slightly broader than that for eu-globulin , this is so for the human 
more than for the horse 

(б) The intensity of the selective absorption is much greater for the 
eu-globulin than it is tor the pseudo globulin, as shown by the magnitudes of 
the extinction coefficients 

For horse the figures for eu globulin aie 1 42 for the head and 0 89 for the 
foot, mean 1 16, against those for pseudo globulin, which are 1 19 for the 
head and 0 47 foi the foot, mean 0 83, giving an excess m favoui of 
the ou globulin of 0 33, or 39 per cent 
hor human, the corresponding hguies for eu-globulin aie 1 51 foi the head 
and 0 85 for tlie foot, mean 1 18, against those for pseudo globuhn, which 
are 1 15 for the head and 0 63 for the foot mean 0 99, giving an excess in 
favour ot the eu-globulin of 0 19, oi 19 pir cent 

In passing, it may be observed that both horse and human pseudo- 
globulin exliibit the same amplitude in the band, namely, 0 72, and that the 
bands for both horse and human eu-globiilin have nearly the same mean 
values for the extinction coefficient, namely, 1 16 and 1 18 
Although the problem is not yet solved, it may be said that the spectro- 
scopic phenomena are in harmony with the view expressed by Dr Chick, 
that cn-globiilin is a protein-lipoid complex resulting from the interaction of 
pseudo globulin with a minute proportion of a lecithin 


Observations on the Fvjwres for Albumin, Tables V and VJ 

The extmction coefficients of albumm contrast strongly with those for 
either of the two globulins The amplitude value is only 0 36 for the horse 
or 0 23 for the human, instead of about 0 7, which was found for the two 
globulms 

♦ ‘ Biochem Joum vol 8, pp 404-420 (1914). 
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Table V — Albumin from the Horse. 


Specimen 

number 

Kxtinotion coeflicieut 

Wate 

leiigtli 

Of heat 
at 2800 

Of foot Differeuce 

1 at 2500 or amplitude 

Hoad 

j rotation 

193 


1 _ 1 _ 


- 

194 

0 fi.'j 

1 0 32 0 23 

2780 

2520 

197 

1 au 

1 21 0 39 

2780 

2640 

198 

1 42 

0 97 0 4.'i 

2770 

2540 1 -67 40 

199 

0 89 

, 0 (,8 1 0 21 

2770 

254.5 

203 

1 19 

1 0 84 1 0 35 

2800 

2660 

Adopted 

1 -20 

j 0 84 j 0 30 

2785 i 

254.) 1 


Table VI. — Albumin — Human. 


Specimen 

number 

Extinction coefficient 

Wa^ e-length 

Head | Fc>ot 

Specific 

rotation 

Of head 
at 2800 

Of foot 
at 2800 

Differenco 
or amplitude 

200 SKitic fluid 

1 05 

0 80 

0-19 

2770 

2676 

-66 36 

201, „ 

0 07 

0 87 

0 80 

2765 

2640 

-64 43 

202 „ „ 

0 70 

0 88 

0 32 

2706 

2540 

-55 05 

204 

0 68 

0 33 

0 26 

2780 

2640 

-50 14 

205 normal eerum 

•0 70 

0 61 

0 10 

2780 

2665 

-60 58 


+0 60 

0 45 

0 21 

2790 

2538 

-64 83 

Adopted 

0 68 

0 45 

0 2.3 

2783 

2540 



• lut crop t 2nd crop 


The distinction is not in the amplitude alone. The extiiiclioii coetticients 
at the head and foot of the curve in the horse series are fairly high, while in 
the human series they are exceptionally low, so that the horse albumin is 
well diderentiated from the human albumm 

On tabulatmg the ’adopted figures for the amplitude of the baud, the 
wave-length of the head and the wave-length of the foot, and extracting 
their means as shown in Table VII, one is impressed with the uniformity in 
the wave-length of the head, which is very nearly the same for the three 
proteins, and yet clearly not identical for pseudo-globulin (2790) and 
albumin (2784), while the two varieties of eu-globulin provide extremes 
at 2776 and 2796. The wave-lengths of the foot for the three proteins are 
also nearly the same, although again clearly differentiated : 2621 for pseudo- 
globulin, 2531 for eu-globulin, and- 2543 for albumin. The differences are 
small, but there is no reason for doubting that they are real. The approximate 




identity of the wave lengths signifies the close similarity of chemical 
constitution for the three proteins while the small differences which are 
well substantiated so far as the present senes of experiments goes may 
possibly be significant of differences in the nature of the subsidiary groups 
present in the respective molecules On the other hand the amplitudes 
which are respectuely 0 72 0 60 and OdO reveal differences which aie too 
great to be lightly set aside 

It remains then that it is mainly in the magnitude of the extinction 
coefficients that tno differences among these three protems find expression 
This has already received some attention m the comparison of eu globulin 
with pseudo globulin but with albumin the divergence fiom the apparently 
Well defined pseudo globulin is much greater and not of quite the same 
order and further there is no doubt as to horse albumin being quanti 
tatively distinct from human albumin 

If the ratio of the adopted extinction coefficients for the two varieties of 


albumin be taken we get 

Head of band. 
Horse ^20 _ i 77 

Human 0 68 


Foot of band 


084 

04o 


187 


Amplitude 


or if the figures for the two specimens of human albumin from normal 
serum alone be taken we get 
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This regulai ratio for the several parts of the absorption curve would 
ordinarily signify a corresponding difference in the concentration of the 
substance in solution but inasmuch as the percentage concentration of the 
albumin was the same for all the soluti ns both in the exj.)einncut and la 
the ultimate calculations some other explanation must be found The work 
of Kober* and others has shown that aioinatio ainnio acids exhibit selective 
absoiption while the absorption spectia of several of the aliphatic amino 
acids and the simpler polypeptides exhibit no selective absorption and that 
even 40 mm layers of 0 05 per cent solutions of some of the latter show no 
general absorption beyond a wave length of 2^00 In view of the way in 
which the proteids are built up of amino-ocids and similar groups some 
exerting selective absorption and some not and of the difhculty in acciunting 
for some of the properties of the proteins when viewed as chemical entities. 
It 18 not uiueasonable to regard them as products resulting from an essenti illy 
physical association of substances comparable with but not so chemical as the 
association of a salt with its water of crystallisation It may then be assumed 
that the aggregate composing human albumin may result from such a iiiinn 
of a substance ooinpaiable with that coiuposmg horse albmnin with a siibstaiioe 
or substances possessing no selective absorptun Such an hypothesis of 
physical association gains some support from the fact that five out of six of 
the amplitude values 0 72 0 72 0 5o 0 66 0 36 0 20 are approximately 
simple multiples of 0 18 and from the view held by Prof t Gowland 
Hopkinsf that even the apparently well defined crystallised egg albumin is 
composed of several proteids and that much the same may be said of serum 
albumin It is conceivable that each of the proteins now studied is an 
aggregate resulting from the physical association of a proteid substance 
exhitttting selective absorption with various but definite propoitions of such 
simpler bodies as those described above as exerting only general absorption 
Had the results now recorded been anticipated it would have been mstiuotive 
to determine in eacli specimen the yield of phenylalanine tryptophane and 
similar products exhibiting selective absorption to see whether the propoitiou 
was correlated with the extinction coefficient or not It would have given 
some indication of how far the association of the groups is physical or 
chemical 

Moreover, if all the curves be re drawn so as to have the same amplitude, 
say 0 72 or 1 0, very little difference will be observed in their form How- 
ever, the two albumins would be distinguished from the globulins by the 
general absorption being slightly greatei extending to about 2450 at the 

* ‘ J Biol Cbein , vol 28, pp 433-441 (1916) 

t ‘J Physiol, vol 86, pp 306-380(1900) 
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extinction ooeflicient of the head of the band against 2420 for an^-of the 
globulins, and to this one may perhaps attnbute the higher figure, 2543 for 
the wave-length of the foot of the curve in the albumins The inference 
from this is that the general absorption of the simpler body in albumin is 
somewhat greater than it is in tho globulins It is interesting also to observe 
that the absorption curve of pseudo globulin which has the greatest amplitude 
proved to be the most constant of all in tho course of the expeiiments now 
described and was the same whether for horse or man, and would thus appear 
to be a much more definite substance than either eu globulin or albumin , it 
may even be a chemical entity 

On the other hand, it is possible that the differences between the absorption 
spectra of the proteins are essentially chemical in their significance, and then 
they are not capable of such simple explanation 


The Ahsorirtion Cut ns 

It will be seen tliat at the foot of each column in the Tables I to VI, an 
“adopted’ value is given This value is not the arithmetic mean of the 
experimental figures, but the value deemed to be the best after considering all 
the circumstances, giving great weight to the most successful experiments and 
little or nothing to those of doubtful value Hence, the factois foi the later 
and better specimens differ only very slightly from the adopted values as 
shown ui the Tables 

Witli these values a moan cuivo has bten diawn m the following way 
lirst, the band for eich separate specimen of piotein, that is the part of the 
curve coveied by the ‘ difference’ or “amplitude ’ values was divided at the 
proper extinction coefficients into ten equal parts and th&points of division weie 
designated position 0 ’ at the extinction coefficient of tho head, " Ist position ’’ 
one tenth of the way down, “ 2nd position ’ two-tenths of the way down, and 
so on until the “ 10th position ’’ is at the extinction coefficient at the foot of 
the depression All the curves woie then re-drawn to the scale expressed by 
the adopted amplitude or “ difference ’’ of extinction coefficient 

Next, the wave-length at each “position ’ on tho curve was read from the 
ciiive foi each specimen, and a value adopted The adopted values are set 
out in Table VIII and have been used in plotting the curves (see p 192) 

It should bo obseived that although the mean curves show points plotted 
at only about twelve extinction coefficients, and at similar positions for all the 
specimens, absorption spectra were photographed at 50 or more extinction 
coefficients, and Iieiice each original curve has a corresponding number of 
jxiiiits plotted, similar to those plotted in the curve figured in the first paper. 
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Protem and 


Pseudo globulin— 


Human 



All^min- 


Table VIII 

Positl I 

Section i j j i 

ojl 2 4joj8l9jl0 


Adopted wave lengths 


2790 2847 2860 2875 

2790 278o 2710 2670 

2410 2416 2420 2430 

2790 2846 2858 2864 

2790 2744 2710 2686 

2418 2428 2428 2480 


2775 2825 2849 2866 

2776 2740 2718 2676 

2420 2486 2487 244d 

2796 2830 2860 2864 

2706 2760 2780 2880 

2422 2424 2426 2437 


2786 2840 2968 I 2868 

' 278 2730 2720 2688 

2466 2467 2460 2466 

2788 2816 *2826 2860 

2783 2766 2730 2686 

2460 2466 2467 ' 2466 


2000 2030 2936 2048 

2680 2690 2602 2620 

244r 2460 2476 2620 

2896 2029 2986 2048 

2636 2r96 2672 2621 

2446 2461 2480 2621 


2886 2006 2920 292u 

2686 2670 2669 2532 

2460 2480 2400 2632 

2880 2006 2920 2930 

2648 2608 2678 2630 

24o0 2460 2480 2630 

2870 2880 2886 2807 

2660 2620 2602 2546 

2476 2490 2608 2645 

2871 2880 2882 2886 

2646 2610 2676 2640 

2480 2406 2610 2640 


2 he Charactenetw of (he Mean Curiee 

The curves are divided into Sections a /9 7 5 e f as before (loc cit ) 
Among the more remarkable characteristics aie the curious form of the heal 
Section S and the step like prominences or steps tf which reference was 
made in the first papei It was hoped that the analysis of the serum into its 
several proteins would have revealed the oiigiii of these steps by showing 
them to be irregulaiities due to imperfect superposition of the bands of twj 
or more protems but that expectation has not materialised On the other 
hand these characteristics appear in both the globulins with unerring 
regularity and with but little variation in either magnitude 01 position In 
albumin the steps are not so nuuierius and they aio not much m evidence 
above the tenth position Below that two large steps are evident 

It IS dithcult to say whether their positions that is their extinction 
coefficients are precisely the same foi all specimens of a given protein or not 
They repeat themselves with sufficient regularity to suggest that the positions 
may be deffiute approximately as shown , but on the other hand the variation 
IS too great to attribute it to expenmental conditions The general conolusiou 
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18 that the protein Maries, since not only do the poBitiona change more or lessi 
but also sometimes the number of steps in a certain section. 
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Section S has been developed m only a few oases The most notable 
observation is that the absorption in this region is usually very small The 
curves and especially the spectrum photographs demonstrate m several oases 
that the maximum extinction coefficient is c nsi leribl} less than 0 01 It is 
certainly very much less with the pi jteins than it is with serum 

Action 7 presents no peculiarities save only that the sweep is broken by 
four or five steps especially by a prominent one not fur from extinction 
coefficient 0 25 

Section S is found to characterise all the proteins more oi less althougli not 
always in so pronounced a maiinei as many seia Iho mean curve does n it 
exlubit this quite so well as the individual curves do as the construction of 
the moan curve has a sm xithing out effect With human < u globulin the 
hea 1 of the curve is narrowed from both sides 

Station e is usually the most irregular in foim foi any given specimen and 
It IS here that there is most disturbance in the wave length Ihis is paitly 
but not wholly acoounted f r by the steps 

Section ^ defines the limit of the general al sorption and shows very little 
variation Only slight steps occui occasionally The most notable feature 
18 that it bends shaiply towards the red at the bottom where it joins the 
Section e 

Stt nmary 

1 The primary oljoct of the investigation was to ascertain the contribution 
made by each protein constituent of seium to the ultra violet absorption 
spectrum curve of blood serum 

2 It has been shown that the absoiption cuive of pseudo globulin is 
constant and is the same for both the horse and human varieties 

3 J’he absorption curve for eii globulin differs considerably from that fir 
pseudo globulm in extinction coefficients but not in general foim This 
favours the view that the differences between pseudo globulin an I eu globulin 
do not result from differences in the structure of the chemical molecule 

4 The absoption curves for the horse and human varieties of albumin have 
been shown to be the same except for a constant ratio in their magnitudes, 
and this difference may be due to the physical or possibly chemical associa 
tion of an aggregate possessing little or no selective absirptive power — for 
example an aliphatic ammo acid or a polypeptide — with the principal or 
absorbing aggregate 

6 The close similarity in form of all the curves when corrected to a common 
amphtude and the fact that the amplitudes are nearly all simple multiples of 
a common factor point to similarity of constitution amongst these proteins 
and to a variable concentration " of the active group 
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Mr G Currey 

6 Cotupansons between the absorptions of the proteins of humai» serum 
reveal absorption bands for the horse somewhat greater in dimensions than 
those for the human 

7 The optical properties of the proteins of serum have been investigated 
\i ith fairly satisfactory results 

8 Processes for the separation and purihcation of the protems have been 
elaborated 


The Colow tng Matte) of Red Ro<ies 
By Gfoffrky Currey 

(Communicated by Prof F Koeble FRS Received August 12 1921) 

An examination of the petals of the re 1 rose George Dickson has shown 
that the anthocyan pigment contained tl erein is the oyanidin glucoside 
cyauin It is present to the extent of about 9 10 per cent by weight of 
the dried petals and exists m the petals as an oxonium salt (i e in combina 
tion with a plant acid) A yellow glucoside sap pigment also occurs m tl e 
same flowers but beyond the fact that it has been shown to be capable of 
producing an anthocyan by reduction and that it is not a glucoside of the 
flavonol myricetin it has not been further identified on account of the small 
quantity present I urther work may show it to be a glucoside of quercetin 
ar 1 corroboiate the work of Dr Everest •on the purple black viola m which 
it was shown that an anthocyan ( violanin ) and the flavonol glucoside from 
which it could be produced by reduction (a glucoside of myrioetm) are 
present side by side in the same flowers This would be additional evidence 
in favour of the hypothesis that anthocyans are produced in nature by the 
reduction of the flavonols It is interesting to note that this rose grown in 
Australia contains the same colouiiiig matter as was isolated by Willstatter 
and Nolanf fiom the rose known as Rosa Gallica grown in Europe and 
shows how widely these colounng matters are distributed in natuie 

The rose George Dickson was chosen for this investigation on account of 
its deep red colour which would inlicate a fairly large percentage of the 
anthocyan pigment The flowers from which the petals were gathered were 
grown by Mr G Knight at his nursery Parramatta Road Homebush and 

* Roy Soc Proc B vol 80 p 255 (1918) 

+ Annalau vol 408 p 1 (1915) 
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hi8 generosity in supplying me with suihcient material enabled the work to 
"be suocossfully accomphshed 

ior the isolation of the anthoeyan figment the methods used by 
Willstattei and Nolan in their investigation of the Rosa Gallica were 
adopted while the examination of the davonol figment was cirried out on 
somewhat similar lines to that used by Dr Eveiest in his examination of the 
viola 

FXPbttlMItNTAL 

Isolation of tlie Antlwcyan Pigment 

100 grm of the petals (which had been first air dried in the shade at 
room temperature and hnally over concentiated sulphuno acid) were 
allowed to stand in a closed vessel with about 100 cc of methyl alcohol 
containing 2 pei cent of concentrated hydrxshloric acid (to prevent pseudo 
base formation) for about twenty four hours tl e mass was then pressed to 
obtain as much extract as possible and the lesidue treated with a further 
quantity of methyl alcoholic hydrochloric acil After standing some houis 
this was filtered with suction and as the extraction was still incomplete the 
residue was again extracted with the same solvent The residue after 
filtering and washing possessed but a j ale pink coloui and further extraction 
was deemel uunecessaiy Ihe filtrates and washings were united they 
possessed a fine deep red colour with a bluish violet tinge at the edge of the 
solution Tlic c ml n cd titrates an I wasl lOoS were poured into about throe 
times their volume of ether well and allowed to stand for some 

hours Piactically all the anti ocyaii pigment so^aralod out as a dark brown 
gummy mass from which the supeiiiatant solutuii could lo readily decanted 

Ihe emde anthocyaii jigment was rehssolved in methyl alcoholic hydro 
chloiic acid and rei lecq itate 1 with ethei (about two and a half tunes 
tie volume of the alcoholic solution) Aftei standing some houis to allow 
prcc pitation to be as comj lete as possible the ether alcohol solution was 
decanted oH and the precij itato allowed to stand for twenty four hours in 
contact with a mixture of i ethyl ale hoi and glacial acetic acid (to remove 
impurities capable of being hydrolysed tr aoetylated) and hnally collected on 
a filter washed with a small quantity of methyl alcohol (containing 1 per cent 
hydiochlonc acid) and air diied 

The daik brown powder thus obtained was dissolved m boiling water an 
equal volume of ethyl alcohol (containing 3 j^ier cent hydrochloric acid) added 
and the solution allowed to cool , the colouring mattei separated out in the 
form of dark brown leaflets possesiting a golden reflex These were collected 
and air dried lor identification purposes the anthoo>anm chloride thus 
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obtained was examined for the following properties, viz crystalline Sorm, 
colour, and reflex, colour changes on the addition of ferric chloride to 
aqueous and alcoholic solutions , colour of solutions in aqueous acid and 
alcohol colour changes with alkalies, behaviour with Fehliiig’s solution (hot 
and cold), colour of precipitate with lead acetate behaviour with sodium 
bisulphite , behaviour with /me and dilute acid , solubility in ethyl alcohol 
at 19° C , solubility m aqueous hydrochloric acid (1 per cent and 1 "> pci 
cent ) at 20° C , and the distribution of the pigment between amyl alcohol 
and dilute aqueous acid 

On comparing these pioperties with those given hj Willstattei and Nolan 
for cyanin chloride, they were found to be identical , the anthocyan pigment 
of the red rose ‘ George Dickson ’ is therefore the di glucoside cyanin 

Jfydrolym of the Cyantn Chloi ule 

The hydiolysis was carried out by boiling a small quantity of the glucoside 
pigment with 20 per cent hydrochloric acid for three minutes , on standing 
the sugar-free pigment aepaiated in small needles (not long ones as obtained 
by Willstatter) possessing a metallic lustre On examination these were 
found to possess the same propeities as described by Willstatter and Kieicst 
for cyanin chloride 


Eautmination of the Yellmv Sap-Pigment 
The etlier alcohol liquor, decanted from the anthocyan piecipitate was 
shaken with powdered calcium carbonate, and, after being allowed to stand 
for a short time filtered The filtrate, which possessed a clear deep yellow 
colour was concentrated to a small bulk and treated iii the following 
manner — A portion was evaporated to dryness and the residue exti acted 
with ethei , the ether solution was washed with dilute hydrochloric acid to 
free it from traces of anthocyan pigment, filtered, and the filtrate shaken 
with dilute sodium carbonate solution, which became yellow in coloui 
Having shown that this alkaline solution contained the pigment m the fotiii 
of a glucoside, the remamder of the concentrate was poured into watei and 
boiled, to expel the small quantity of alcohol still present, the aqueous 
solution was then boiled with hydrochloric acid, to h) drolyse the glucoside 
present, allowed to cool, and extracted with ether The ether extract was 
washed several times with aqueous acid, of different strengths, to ensure the 
removal of traces of anthocyanidin, and finally filtereil The filtrate was 
then shaken with dilute alkali, when the pigment passed into the alkaline 
layer, which assumed a deep yellow colour (the absence of a green colour Iiere 
shows the absence of myncetin), which rapidly became dark brown on 
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exposure to air (a possil le explanation of this oxidation is given later) 
The alkaline solution was acidified i \tracte I with ether and the etlier 
extract evaporated to dryness The residue on being dissolved in absolute 
alcohol to which a small quantity of hydrochloii acil hal been added 
}ielled on the addition of a small piece of magnesium iibbon a fine red 
coloration similar to an alcoholic solution of c}anidin chloride It is 
possible that the yellow pigment present in the petals is a piercetm 
glucoside but it was not j ossihle to make further tests as the quantity of 
pigment available was very small In order to ad 1 additional weight to the 
assumption that a „lucosi le of queicetin is present the al ive mentioned 
tests wor carried out with a known glucoside of pu rcetin viz inyrti 
colorin A small quantity was boiled with acid and hydrolysed and the 
resulting sugai free pigment quercetin treated in ilcoholic solution with 
hydrochloric acid and magnesium ribbon in the same manner as with the 
sugar free pigment from the rose exactly similar results were obtained 
Tests made with both pigments in a glucoside form also agreed It is 
hoped that further work on this rose will result m sufficient of the yellow 
flaionol sap pigment being isolated to confirm its identity by means of 
deiivatives For the sample of myrticolorm used in the above tests 
I am indebted to Mr H G Smith of the Technological Museum who very 
kindly supplied nio with it it is a rhammo glucoside of queroetm and was 
isolated from eucalyptus leaves 

Pomhle Cause of the K iptd Darkenin j of the Alkaliive Solution of the Yellow 
Sap pigment ft om the Rose 

Although it 18 the property of the flavonols to undergo oxidation on 
exposure to air m alkalme solution the very rapid oxygen absorption of the 
solution previously mentioned would appear to be due to some other cause 
It was thought that this might possibly be due to tannin matter An 
examination of the petals of the rose revealed the fact that both pyrogallol and 
catechol tannins were present the former (probably gallo tannin) being 
present in the greater quantity The alcoholic extract of the petals would 
contain the tannin matter in solution and the boiling with acid to hydrolyse 
the glucosides as previously mentioned would also hydrolyse the gallo tannin 
with the production of gallic acid the subsequent extraction of the acid 
solution with ether to obtain the hydrolysed glucosides would also extract 
the gallic acid, and this would accompany them into the alkaline solution 
the presence of a small quantity of gallic acid would be quite sufficient to 
cause a rapid darkening of the solution on exposure to air 
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The Kata thermometer as a Measure of Ventilation 
By Leonard Hili FES H M Vernon aul D Hargood Asir 
(Beceived August 20 1921 ) 

(Fiom the National Ti «t t te for Medical Reseaicb Hampstead ) 

In two papers previously published one by Leonard IIill 0 W Griffiths 
and M blauik • and the other 1 y I eonaid IIill and D H ugood Ash f the kata 
thermometer was describe! in detail and formule were given connecting the 
heat loss with temperature win 1 velocity and vapour pressure Various 
discrepancies were found to occur however and seeing that the kata thermo 
meter has become recognised as a meas ire of ventilation the whole matter has 
now been carefully reinvestigated Large wind tunnels such as those at the 
National PI ysical Laboratory which were not available during the war owing 
to the urgency of aeroplane work were now at our disposal 

Fqienmatal Woil 

To obtain known wind velocities foi the experimetal woik two methods 
were adopted that of the wind tunnel whore the air is drawn through a 
long tunnel by means of a propeller at one end and that of the whirling 
arm where the kata is made to move thiuugh the an on a revolving arm 
The wind tunnel woik was earned out in the engineering department at the 
National Physical Laboratory by kind permission of Dr T L Stanton whore 
AIiss D Marshall gave us valuable assistance in tho iloteimination of wind 
velocities also at East I ondon College where Dr N A V Piercy was good 
enough to allow us the use of the tunnel and to help us in determining the 
wind velocities 

Observations with tho whirling arm method were taken at the Physiological 
Laboratoiy, Oxford and at the National Institute for Medical Kosearch 
Hampstead The observations at Oxford were made (i) in a large room all 
the doors and windows of which were closed and air curients weie fuither 
reduced by surrounding three sides of the table on which the apparatus stood 
by screens covered with several thicknesses of brown paper The fourth side 
had to be left open so as to admit of light and of a pomt from which to view 
the kata Air draught from below was prevented by means of horizontal 
screens placed on the table supporting the apparatus A moving air current 
of known velocity was obtained by clamping the kata to a brass rod fixed 
* ‘Phil Trans B, vol 207, pp 183 220(1910) 

+ Roy Soc Proc , B, voL 90, pp 438-447 (1919) 
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at one end to the central pillar of a Sheirington recording dmm and reviving 
it m a honzontal circle (ii) other observations were made in the respiration 
chamber which is a closed loom of 10 5 x 6 5 x 4 5 ft capacity The 
experiments by the whirling arm method at Hampstead weie veiy similar to 
those carried out at Oxfoid A screen of American cloth 4 ft high was 
erected on the floor of a large ro m so as to form an enclosiiie 4 ft square 
the top being open The dooi and windows of the room were closed so that 
the air inside the enclosure was still A transparent celluloid window was 
inserted all round the screen at the hei^l^t of the kata stem so that 
readings might be taken of the coolmg and the tliemiometer read 

In the whirling aim method the actual velocity ? of the kata is 
given by 

_ 2ir I 
~ t 

where r is the radial distance of the kata from the axis of revolution n the 
number of revolutions in the tune t (estimated by stop watch) T V King* 
and others have shown h jwever that this is n< t the true velocity lolative to 
the air a certain swirl Icing set up by the lovolutnn of the arm This 
was determined and alh wed for in oui observations The procedure by which 
this swirl was allowed for will be described later 

The Dry Kata — W uul Velocity and Tei iperati re 
As shown in the previous papers sources of radunt heat being absent the 
rate at which the kata cools in air depends almost entirely upon the wind 
velocity and air temperature It is shown that the heat loss per second per 
square centimetre of bulb smface is obtained by dividing a lactoi deter 
mmed for each instrument by the time of cooling expressed m seconds which 
the alcohol meniscus takes to fall from 100° to 95° 1 the unit of heat being 
a millicalorie (1000 millicalories = 1 gim calorie) This is known as the 
cooling power H and it was found that a connection between the variables 
IS given by an expression of the form 

H = (a+b^v)0 

where e is the wind velocity and 0 the difference between the mean tempera 
ture of the range of cooling \iz 36 5° C (97 7° F) and the air tempeiature 
in degrees Centigrade whilst a and b are numerical constants 

To obtain the constants a and b a number of observations of the cooling 
power were taken the temperature and wind velocity being accurately detei 
mined at the same time The results are shown graphically in figs 1 and 2 
* L V King, Phil Trans, A, vol 814, p 373(1914) 
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Each point m theBC graplis is the mean value obtained from three to seven 
observations of cooling taken consecutively Where points oomoide the 
obseivations were taken at diherent times Several kata thermometers were 
used the faotois in each case being verified The high velocity observations 
wert taken in the wind tunnels and the low velocity ones by the whirling 
aim method Unfortunately owing to exjierimental difficulties it was not 
found possible to make these two methods overlap the lowest wind tunnel 
velocity available bemg 3 05 metres j^ier second and the highest whirling arm 
velocity for the dry kata 1 77 jnetros per second 

No equation of the above form will apply for all velocities over the range 



Fig 1 

tested, but from the value = 1 to y/v = 4 2, that is between the velocities 
1 metre per second and 17 metres per second, a curve may be drawn to fit the 
points as shown the equation of which is 

H = (013+0 47 ^/^l) 0 (i) 

It should be noted that the abo\ e limits include observations in air currents 
obtained by both methods Below 1 metre per second velocity another curve 
may be drawn, of which the equation is 

H = (020+0 40 v/®) 0 (u) 
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These two lines aie shown with the experimental points as the lower corves 
in the diagrams 



The Wet Kata — Wind Velocity Temperature and Evaporation 
Wet " kata ’ observations were made in a similar manner to the dry " kata ” 
ones except that the bulb of the instrument was covered with a muslin 
“ finger," which remained moist during the time of coohng In this case a 
velocity as high as 2 60 metres per second was obtained by the whirling arm 
method With the wet "kata heat is lost by the evaporation which takes 
place in addition to the lieat lost by convection and radiation, as m the dry 
" kata,” so that the wet cooling power, H', is always greater than the dry 
cooling power, H It is evident then that in addition to the temperature 
and wind velocities, some term must be introduced to take account of the 
humidity of the an In the 'Phil Tians’ paper the formula deduced from 
theory and experiment was of the fqrm 

H' =: («+6-v/ii)^+(c+dv/ti)(F-/)«/», 


vox XOIII — B 
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whore 11' was the heat lost per second pei sc^uare centunetie from tlie wet 
" kata,” the wind velocity, F the maximum vapour pressuie at 36 5° C , 
/ the actual vapour pressure of the an at the time of the observation, 0 equal 
to tlie differenco between 36 5° C and the air temperatuio, and a, b, r, and d 
numeiioal constants This W6is aftei wards modified to the form 

which was given in the later paper 

Our new investigations give an equation of the form 
H' = (a" + b" ^o)0+{," -\-d" 

but, just as for the dry " kata,” two equations are found to be necessary, one 
foi velocities greater than 1 metre pei second and one foi velocities less than 
this These equations aie 

H' = (0 13 + 0 47 ^0) ^ +(0 035 + 0 098 (h -/)Vs (m) 

foi velocities greatei than one metre per second, and 

H' = (0 20 + 0 40 v/v) ^+(0 060 + 0 073 (iv) 

for velocities less than 1 metie per second 
In each case the first term on the light hand side of the equation repre- 
sents the dry ” kata ’ heat loss 

These expressions are cumbersome for practical use, so that when the 
question was re-investigated we proposed to try if a formula in which the 
humidity was represented by the wet bulb temperature would give satis- 
factory results, that is to say, a formula of the form 
W =(a-i-bv*)0', 

wheie 0 IS the diflerence between 36 5° C. (977° F) and the wet bulb tem- 
perature, t', a and b being numerical constants, and x some power to which 
the lelocity, v, had to be raised 

When our experimental values of were plotted against the wind 

velocity values, as shown in the upper curves of figs 1 and 2, it appeared that 
such a relation existed between the variables, and that, considering the whole 
range of velocities flora zero up to 17 metros per second, the value * = 1/3 
gave satisfactory results 

We may, therefore, write an empirical wet “kata” formula in the form 
W =(a+b^v)0', 

where H' is the heat loss per second per square centimetre, v the wind 
velocity, and 0' the difference between 36 6° C (97 7° F ) and the wet bulb 
temperature, t' As before, two equations are necessary to cover the whole 
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range The constants a and h when v is m metiea pei second H' in milh 
caloues per second and 0 in degrees (entigrade aio given by the following 
two equations — 

H = (0 lO + l 10^B)d for velocities gieatei than 1 metre pei second (iiia) 
H = (0 15 + 0 86 d for velocities less than 1 metre per second (ivn) 
Our results with the wet ' kata in winds are only over a limited range of 
humidities (the wet 1 ulb temperature varying from 9 5° to 19 8° 0 ) owing ti 
the difficulty of controlling the humidity in the large rooms in which the 
wind tunnels are situated In the case >f still air however it is possible to 
obtain more vaned conditions anl consideiing the still an wet kata 
form 111 i 

H = 0 2" 0+0 086(1--/)^’ (v) 

given in the original paper it seems probable that f ir very Iry or very moist 
air equations (iii) and (iv) are more coirect than (iiia) and (iva) It is not 
possible to find an equation for still air of the form 
11 =ae 

Ihis can be seen at once by putting in hxe I values of the wet bulb tempera 
ture in (v) and vaijing the huniiditj In tl is way it is found that a varies 
from 0 6 to 0 7 as the teropeiatuie anl humidity vary from 10° 0 and 
10 per cent rehtive huini hty to 20° C ml 100 per cent lelalive humidity 
Foi any given wet bulb temperature the value ot a increases with the 
humidity the increase being much moie rapid at 1 w relative humidities 
With respect to the wind velocity luelex when coi sidering evajxiiation we 
find that observers have come to many different conclusions on the matter 
John Dalton gives the value as unity A number of late investioatois found 
it to be 0 5 * Recent observations made by Bigelow f in which he detei 
mined the late of evapoiatioii of water fioni pans 2 to 6 ft m diameter in 
wind of various known velocities gave results agieeing with Daltons It 
may be pointed out that for certain ranges of wind \elocity eff between the 
velocities of 0 3 and 2 6 metres per second our results hold for a \ alue of 1 
for this index, but many more than two equations would be necessary to 
cover the whole range of our expeiimental work with this value while for the 
index of 1/3 very close agreement is obtained by the use of two equations 
of the same form The velocities recorded by Bigelow were mainly low It 
can hardly be expected that the conditions of evaporation from large vessels 
and from such instruments as the kata where the evaporation surface is 
vertical and the water only a thin AIqi should be identical 

* Cf Hann, ‘Lehrbuch der Meteorologie, Ed 3, 1916 
+ Bigelow, Monthly Weather Review, 1910, p 307 
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It will be noticed that the rate of cooling, both of the dry “ kata ” ewd the 
wet “kata,” begins to take &n abnoimal course at the same point viz , an air 
velocity of 1 metre per second There can be little doubt that the abnor- 
malities are due to convection currents Currents of warm air, heated by the 
cooling “ kata,” tend to rise vertically from the sides of the bulb and this air 
considerably impedes the rate of cooling of the “ kata ’ in still air It can 
have little or no effect in the presence of horizontal air currents of fair 
velocity, as it will be swept aside, but air currents of low velocity are not 
sufficiently powerful to effect this completely and in consequence the rate of 
cooling 18 retarded 

Detertmnatwn of Smrl 

It has already been mentioned that m the whirling arm experiments 
account must be taken of the swirl produced , that is to say, the true vt locity 
of the “ kata ’ relative to the air is less than the actual velocity, because the 
air IS earned round with the revolving arm to a certain extent A method 
similar to that desonbed by L V King* was adopted to determine the amount 
of swirl In the case of the Oxford expenmen ts a kata’ was fixed at one 
end of a horizontal arm and it was revolved at the rate of 1 2, or 3 metres 
per second and its bulb passed close to the bulb of another ‘ kata,' which was 
fixed in a stationary position Cooling observations of the stationary “ kata ” 
were made while the moving one revolved at room temperature When the 
centres of the bulbs were 2 cm apart there was only 2 mm space between 
the bulbs 

From the senes of data obtained we were able to calculate what the Kfd 
values would have been had it been physically possible for the bulb of the 
stationary ‘ kata ’ to occupy the place through which the bulb of the moving 
‘ kata passed in its levolutions From them it has been possible to calculate 
the velocity of swirl of air against the stationary kata bulb by using an 
approximate formula already determined from observations taken without 
allo^\anoe being made for swirl These swirl velocities vary from 6 5 to 
7 96 per cent of the velocity of the revolving “ kata,” but they are all subject 
to a certain deduction Now the velocity of swirl found by King when using 
a wire was 6 per cent , therefore, assuming that this value holds likewise 
with the kata” — the assumption bemg warranted by the above oxpen- 
mental results — then it follows that the values must be reduced by 6 per cent 
This correction has been applied to all the Oxford results 

Similar expenments at Hampstead gave a value for the swirl of about 
9 per cent, which was deducted from the calculated velocities before 
recording 

♦ L V King, ‘ Phil Trans A, vol 214, p 373 (1914) 
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The Kaia thermometer in Pi actwal Use iw an Anemometer 
To test the accuracy of the wind formulie for practical purposes senes of 
experiments have been earned out at Kew Observatory, where observations 
were taken by kind permission of Dr Oliree at High Beech, Loughton , at 
Wallierswick by Mr P B Alexander, and at Lskdalemuir, by Mr P N 
Shelton under the direction of Mr L 1 Hichardson The results are shown 
m the Table It will be seen that in all cases the wind as determined by the 
kata agrees well with that given by other anemometers 


Place of 
obeerrktion 

H 

«- (86 6 -0 

Velocity 

anemometer 

Kew Kakdalemutr Time of 

anemometer air meter obaerrabon 

r 

24 2 

17 6 

7 n 

0 41 

r 01 j - "’h* 


21 6 

18 0 

6 1 1 

6 7 

6 0 - 8 

Kew i 

21 0 

18 0 

6 4 >6 8 

6 6 1-6 7 

6 3^691 — 6 

1 

22 9 

17 -O 

6 0 

6 6 

4 01 - 7 

1 ^ 

21 0 

17 9 

6 ej 

6 7J 

6 OJ 7 

f 

2S 1 

22 0 

4 7-^ 

4 91 

— — 8 


27 0 

22 0 

6 6 

6 7 

— - 10 

Uigb Beech i 

26 5 

22 2 

4 7 '6 4 

6 6 ^6 6 

- - 10 

1 

27 8 

21 6 

6 9 

6 4l 

- — 6 

1 

28 6 

22 0 

6 2j 

6 6j 

_ _ 6 


86 6 

83 2 

4 0 

4 0 



86 6 

83 2 

4 0 

4 4 



48-0 

87 i 

6 1 

6 8 



83 1 

37 6 

2 6 

2 8 



46 1 

87 6 

6 2 

6 0 


WelbiMwick- 

66 6 

87 6 

8 8 

7 6 



40 4 

37 1 

4 2 

4 0 



82 6 

34 6 

3 0 

S 0 



29 0 

28 2 

3-7 

4 1 



82 0 

80 4 

3 8 

4 2 



20 4 

29 6 

8 3 

8 S 



23 2 

33 6 

1 3 

_ 

— 2 1 


84 S 

88 8 

8 6 




27 7 

38 1 

2 2 


— 2 4 


24 2 

1 38 1 

1 6 


— 1 7 


22 6 

80 3 

1 7 


- 0 7 

Btkdalemuir- 

40 1 
26 8 

1 36 8 

I 82 8 

4 4 

2 2 


- 4 7 

— 2 8 


86 8 

20 6 

6 3 


— 8 2 


81 6 

88 2 

3 0 


— 8 6 


26 7 

82 7 

2 2 


— 2 2 


86 8 

80 0 

6 2 


1 — 8 6 


, 28 0 

81 6 

2 6 

- 

1 - 2 4 


Summaiif 

From the above considerations then we consider that we are justified in 
that the “kata is an instrument which shows a definite relation 


saying 
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between the heat loss and the surrounding conditions, and that this illation 
may be expressed in the form 

il={a + b^v)e 

for the dry kata,” wheie H is the heat loss per second per square centimetre 
of '* kata ” bulb sui face, 0 being the difference between 36 5° C and the dry- 
bulb temperature and v the wind velocity in metres per second The equation 
takes the following numoripal forms for air velocities above and below 1 metre 
per second 

H = (0^^-^-047^/^)(9 ( 11 ) and H = (0 20 + 0 40 v/v) <? (m) 
The wet “kata” formulte are inoie complex (see p 201), but for ordinary 
atmospheric temperatures and humidities an approximation is yielded by the 
formula 

H' = (o +b'^v)e, 

where H' is the heat loss pei second per square centimetie of wet “kata” 
bulb surface, and 0 is the difference between 36 5° C and the wet bulb 
tem^ierature 

1 his equation takes the following numerical forms for air velocities above 
and below 1 metre per second, 

H' = ( 010 - 1-1 10 4 / 1 ;) (iv) and H' = (0 3 0 + 0 85 4 / 1 ;) (v) 

(It should be noted that the above equations aie not true when v is less 
than 0 04 metre ) Hy means of equations ( 11 ) and (iii) the “ kata ” may be used 
as an anemometer, both for ostimafiiig wind velocities out of doors, or the 
velocity of air curients indoors for purposes of ventilation lor the latter 
purpose it has a special value, for it estimates cooling effects of air cuiients 
whether unidirectional or eddying 
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On the Heating and Cooling of the Body by Local Application 
of Heat and ('old 

By Leonard Hill MB,FRS,D Har(.ood-Ash, B Sc and J Aroyil 
Cami bki l, M D 

(Received January 7, 1922 ) 

(Irom the National Institute fot Medical Research, Hampstead ) 

Ihe object of this enquiry is to find out how much heat can be gamed or 
cold lost from the body, by the local cooling or warnimg of a small part f <j , 
by coohng the hands in a stream of cold water, warming the feet in a hot foot- 
bath, or by a foot-warrnei In order to secure the beneficial effect of open 
windows, the breathing of cool air of low-vapour tension, and stimulation of 
body metabolism by such air ventilating the clothed and naked parts ot the 
skin, the general heating of rooms by hot-water coils might be replaced by 
small heaters kept a few degiees above body temperature and locally applied 
to each individual, and each under the individuals control Electric heaters 
have been used by aeroplanists placed beneath their outer garments 

One of us (1) recently published results showing that heating oi cooling the 
hands can effectively heat or cool the whole body We record further experi- 
ments of a like natuie 

111 some of these expeiiraeuts, in which the hands were placed in cold 
water, we estimated the lespiratory exchange by the Douglas Haldane method 
of indirect calonmotry We obtained in most cases a small rise in body 
metabolism after immersion of both hands in cold water at 15° C foi about 
30 nUnutes Tbe rise in metabolism was too small to be termed definite 
The amount of heat lost from the hands to the water was evidently leplaced 
by cutting down heat lost from other parts of the body Ihe actual amount 
of heat lost from the two hands m 30 minutes was, on an average, 20 kilo- 
caloiies A greater loss of heat is therefore necessary before metabolism is 
affected. 

The temperature of the skin over the median vein at its bifurcation on the 
front of the elbow was recorded by means of a flat coiled thermometer msulated 
from the air The temperature of this portion of skin fell several degrees in 
the above experiments 

Maoleod (2) and others have applied heat and cold to the surface of the 
shaved body of rabbits to study the changes of temperature in underlying 
tissues and in various organs — mnSble, liver, kidney and brain They used 
thermo-electric couples mounted in hypodermic needles They showed that 



208 Prof L Hill, Mr D Hargood-Ash, and Dr J A Campbell 

the changes produced vary with vascularity m different tissuea Heat ftppUed 
over the liver had little effect on the liver, compaied with that on muscle of 
heat applied over the same Applied over the lung both heat and cold had 
little effect , over the brain there was a prompt change of brain temperature 
but little effect on general body temperature 

In our experiments to determine the amount of heat lost by the hand to 
the water the hand was placed in a tin can containing a known volume of 
■water a similar can with a simihr volume of watoi and at approximately the 
same temperatuie was placed beside the former to act as a control When 
the temperature of the skin over the median vein was found to be constant, 
the hand was immersed in the watoi as tai as the wiist joint The tem- 
peiatures of the water bath and the control were read immediately before the 



Time Minuhes 
Fio 1, A 

immersion of the hand and readings were then taken of the skin temperature 
at the elbow and of the bath and control tempeiatures, eveiy minute 

To determine the heat given to the water the tempeiature readings of the 
bath and control were plotted hig 1 A shows a typical example The 
initial temperature of the bath wa'» 9 7° C and of the control 9 3° C The 
bath curve ABC shows that for the first d minutes the rate of rise of 
temperature was rapid compared with the rate afterwards Prom the eighth 
to the twentieth minute the rate of rise of temperature may be taken as 
constant The curve EF, shows the rise of temperature of the control bath , 
It will be seen that this rate of rise was constant throughout the experiment 
GH 18 drawn parallel to EF, therefore the difference between the lines GC 
and GH gives the nse of temperature due to the immersion of the band At 
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the point JK, 10 minutes from point G, tlie difference is 0’38° C , therefore 
the rise for 1 minute was 0 038° C ^The water in the can was 6 lities, 
therefore the rate of heat loss to the water per minute was 0’228 kilo-oalones 
during this time, f 

Todetermine the total heat loss from the hand during the 20 minutes’ immer- 
sion, the total rise of temperature of the bath was 11 6° C.— 9 7° C =19° C., 



and thfit of the control 9 8°C'.— 9 3°C' =: 0*6° C ; therefore the total rise due 
to the hand was 1 - 9 ° 0. — 0 6 ° C, = 1 4 ° C , and the total heat loss from the 
hand 14 x 6 = 84 kilo-calories. 

Fig. 1, B, shows the changes in temperature of the skin over the median 
vein for the 20 minutes' immersion and the succeeding 20 minutes. The 
temperature of this portion of skin was quite different from that of the skin 
around it and nearer the hand, showing that the temperature of the blood 
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in the vein was the controlling factor and not conduction by the skin irora 
tissues affected by the changes in the hand 

Pam in the hand was intense during the first few minutes if the tempera- 
ture of the water was below 14° C This pain may probably be due m part, 
to the extreme contiactioii of the tissues and disappeared probably because 
the fluids escaped up the aim from the contracted tissues in the hand thus 
relieving pressure In oni metabolism experiments already referred to we 
used water warmer than 14° C to avoid the influence of pain Pain is 
known to laise ineta holism 

In our numerous experiments with the hand in cold watei wo were unable 
to obtain from day to day constant results for a given range of temperatiiie, 
probably because so many bodily conditions e g vascular are varial le 

The double fig 2 gives the results o^an experiment m which the hand was 
placed in hot water (43 2° C ) fig 2 A recording the change m temperature of 
bath and control and fig 2 B recording the changes in tempei itnre of the 
skin over the median vein at the point of the elbow In this experiment 
the hent gained by the hand in 20 minutes was 6 kilo calories and the rate of 
gain after this had become constant 0 120 kilo dalories per minute 

In these experiments with hot water the fall of temperature in the water 
of the bath was considerably greater during the first minute or s > after the 
hand was immersed and it was difficult to tell how long this effect which 
was probably due to the heating up of the hand lasted If this effect 
was only temporary and the heat gained depended only upon the tempera 
ture of the water w( should expect that different experiments would give 
curves j arallel to each other over the same range of temperature lliis 
howevei did not occur 

To obtain more certain infoimation on this po nt it was decided to 
immerse the hand in hot water as before but instead of allowing the 
water to cool to supply a constant amount of heat equal to that lost by the 
water so that if the heat absorbed by the hand at a given temperature 
proied to be constant the experiments could be repeated at different 
temperatures to obtain a curve However the heat absorbed by the hand 
at a given temperature was not found to be constant similar vanations 
being obtained as with cold water , varying bodily conditions were probably 
responsible 

We also carried out numerous experiments with tlie flat coiled thermo- 
meter, when the hand as far as the wrist was heated by the summer sun's 
rays The temperature of the skin over the median vein was increased 
several degrees after the hand hod been exposed for a few minutes In these 
oases the blood in the vein may have been heated m the hand by conduction 
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from the skm or by rays which had penetrated the skin and had beesi oon 
verted into heat in the blood as pointed out by Sonne (3) He used thermo 
electric couples to determine the effect of different rays from the sun and 
found that the visible rays penetrate the skin and locally heat up the blood 
To this he attributes the value of the sun in heliotherap) Dark heat rays 
heat up the surface of the skin much more 

buvimary 

Experiments in which the hands were heated or cooled by water 
showed that the amount of heating or cooling was large but not constant for 
a given range of temperature Some indication of the degree of heating or 
cooling was obtained from the tempeiaturo of the skm over the median vein 
at the elbow the thermometei used being coiled and insulated from the air 
1x188 of 20 to 25 kilo calories of heat from the hands in 30 minutes i e a loss 
almost equal to the basal metabolism did not appreciably affect the body 
metabolism 
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On the Oxidation Processes of the Lchtnoderm Egg during 
Fertilisation 
By C Shbarkr FRS 
(Received November 16 1921 ) 

I Introduciion 

The following paper is concerned with an investigation of the oxidation 
processes of the animal egg-cell during fertilisation The subject has already 
received considerable attention and the problem has been approached from 
many different aspects The hrst to attempt to measure in debmtive q lantita 
tive mannei the oxygen consumption of the egg on fertilisation was Warburg(l) 
in 1908 He made use of the sea urchin Arbacui and estimated the amount 
of oxygen that hod disappeared from the sea water m which the eggs had 
remained for some time The Winkler titration method was employed He 
found that a quantity of eggs that gave a Kjeldahl determination of 28 ingrm 
of nitrogen which oorrespon Is roughly to about 4 million eggs 4 5 c o of 
oxygen was taken up in the first hour following fertilisation while the same 
quantity of unfertilised eggs only consumed 0 5-0 7 c mm of oxygen in this 
time The fertilised egg therefore took up six to seven times more oxygen 
than the unfertilised egg Loeb had previously prehcted that the mam 
function of the sperm in the process of fertilisation was that of setting up a 
series of oxidations on its entrance into the cytoplasm of the egg Wai burgs 
work was a remarkable confirmation therefore of liOeb s piodiotion This 
first paper was followed up by a long senes of papers which have added 
greatly to our knowledge of the oxidation processes taking place in the egg on 
fertilisation In addition our knowledge has also been gieatly extended by the 
numerous papers of Loeb and especially the papers of Loeb and Wasteneys (2) 
in which quantitative measurements were also carried out In 1911 appeared 
the large paper of Meyerhof (3) in which the heat liberation was meas ired 
and correlated with the oxygen consumption In all these papers tlie Winklpr 
method was employed there are however many drawbacks to the use of 
this method and in the recent work of Warburg and Meyerhof it has been 
finally abandoned for the more convement and accurate manometer The great 
advantage of the manometer method hes in the fact that it can be used equally 
well for both oxygen and carbon dioxide determinations and that continuous 
observations can be earned out minute by mmute on the respiiatory exchange 
of the material under investigation Warburg (4) (1916) using this instrument 
has recently reinvestigated the respiratory exchange in the egg of the sea 
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urchin Slrongylocenti otu» during the firet 24 hours of development He Ibund 
that a quantity of unfertilised eggs that contained 20 mgrtn of egg nitrogen 
which corresponds to about 3 million eggs consumed in 20 minutes 
10-14 c mm of oxjgenata temperature 21°C and barometer 760 min Hg 
The fertilised egg under the same conditions 10 minutes after the addition of 
the sperm consumed 60-84 o mm That is 10 minutes after fertilisation the 
oxygen consumption of the egg was six times that of the unfertilised egg an I 
that there was alieady a rise of 500 pei cent in the oxidation rate of the egg 
in this time In the sixth houi the oxygen consumption was twelve times 
that of the unfertilised egg at 12 hours it was sixteen times while at 
24 hours it was twenty two tunes the amount of the unfertilised egg As 
Warburg remarks it is extraordinary that in one and the same cell substance 
which receives no addition of fresh mateiial from any external source we 
should find as the result of fertilisation in the course of 24 houia a rise in its 
oxidation rale of sjincthing like 2000 iier cent On the whole the mano 
meter method seemed to show that there was a much olosei agreement 
between the increase in the respiratory quotient and the appearance of visible 
structure in the egg than had been lemonstrated in previous woik where 
tlie Winkler titration method had been employed In all instances the COj 
output of the eggs followe i closely the oxygen uptake the respiratory quotient 
beirtg in the neighbourhood of 0 9 The respiration of a single spermatozoon 
was found to be about 1500-2000 times less than that of the e^g 

In the past season working at Naples I have been able to carry the 
in\ estigation of the pioblem a step farther by the use of a special type of tl e 
Barcrott diflerential manometer in which it was possible to bring about the 
feitilisation of the eggs in the closed chamber of the apparatus and so for the 
first time the measurement of the respiratory exchange during the period the 
sperm were actually making their way into the egg was rendered possible 
The eggs and sperm of Echinus microiuberculatus were used 

II Methods 

In the previous experiments ot Warburg (4) (1915) where the manometer has 
also been employed readings were only obtained 10 minutes after the addition 
of the sperm The following experiments will show that by the end of this 
lime the most important part of the process of the fertilisation of the egg has 
already taken place Tliere is a great initial inrush of oxygen into the 
egg and a corresponding output of COg within the first mmute after the 
addition of the sperm to the eggs It is clear that the spermatozoon sets up 
an instantaneous oxidation process in the egg which is perhaps unparalleled 
in reactions of the animal cell for its sudden character 
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111 the type of manometer employed in the followiiij^ experiments the 
instrument when used for oidinaiy blood gas nieasurements is designeil to 
allow a small quantity of potassium ferncyanide held in a small tube in the 
stopper of the manometer chamber to run down an 1 mix with the blood 
when the chamber itself is slightly rotated so that a groove in the chamber 
wall comes to lie opposite the openmg of the small tulie in the chamber 
stopper The instrument was readily adapted to the pin pose of the present 
expenmeiits by replacing the ferncyanide byaditpof fresh sperm The 
eggs could then be fertilised within the cl jsed ohanil ei of the apparatus 
when both eggs and apparatus wtie in complete eipiilibnuin with the 
temperature of the water bath in which the man meter chambers were 
submerged 

Tlie calibration of the manometers foi oxygen was earned out by the 
Hoflmann(5) method and for COa by the liberation in the chamber under 
ealibiation of a known volume of this gas from 2 cc of a NaaGOa solution 
All calibrations were earned out under the conditions holding for the follow 
ing experiments The temperature of the water of the thermostat in which 
the chambers of the manometer weie submerged was kept constantly at 
14 6° C by means of a coil of piping inside the bath through which cold 
water was kept circulating This temperature is almost the same as that at 
which the eggs are noimally fertilised m the sea Morcnvei it is convenient 
H8 the solubility of COj ni sea water at th* temperature and stan lard 
barometric pressure is almost 1 so that the ( Oa will distribute itself evenly 
throughout both sea water and the air space of the apparatus chambers and 
no correction nood be lutrodnced for solubility of the COj in the sea w iter on 
this account 

Warburg (4) m his measurement of the COj has taken elaborate means to 
determine the actual amount of COa gi' ©n off by using bicarbonate free sea 
water and estimating the total alkali reserve of his eggs , it is probable that 
the use of bicarbonate free sea water in itself introduces conditions that 
render respiration far from normal 

In a number of determmations made on the solubility of GOa m sea watei 
at the pressures obtaining under the conditions holding in the chambers of 
the manometer in the following experiments it was found this solubility 
could be neglected as it was so small in each cose as to be well within the 
error of the manometer reading ♦ It is only at tensions of 0 4 mm pressure 

* The change of pi-eaaure in the chamber of the apparatue during an experiment waa 
very email, being eomothiag of the order of 0009 of an atmospheric preiauie The effect 
of this on the eolubility of carbon dioxide m the eea water of the chamber could safely 
be neglected 
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or below this, that a great difference is made in the solubility of COs u} sea- 
water Tensions of this order never obtained in the chambers of the mano- 
meter under the conditions of the following experiments In the following 
experiments no special importance was attached to the carbon dioxide measure- 
ments beyond determining roughly the relation of the carbon dioxide output 
to the oxygen consumption No trouble was taken, theiefore, to determine 
the COj output with any degree of accuracy It is clear that it follows the 
oxygen consumption very closely, the respiratory quotient being always m 
the neighbourhood of 0 9 

lo absorb the carbon dioxide in the oxygen manometer, a diop of KOH 
was placed in the small cup in the bottom of the chamber stopper, and this 
was renewed after each experiment 

The manometers were made to clamp on a mechanical shaker, such as tliat 
used u hen the instrument is employed for making blood gas determinations 
The motion of this shaker had to be slowed down very considerably into a 
very gentle to and-fro motion, or otherwise considerable injury resulted to 
the egg membrane Any injury to the egg-membrane always results in an 
immediate and abnormal increase of the oxygen consumption of the egg It 
was also found that the conical pointed type of chamber with which the 
instrument is furnished for blood-gas work was highly unsuitable for egg 
work The eggs tend to crowd down in the narrow end of the bottle and 
there clump together, and fertilise very badly The conical chamber was 
therefore replaced in the following experiments by a more or less spherical- 
ended pattern In making a determination, invariably 2 c c of eggs in sea- 
water were placed in one chamber, while the same quantity of plain sea- 
water was placed in tlie control chamber The chambers were then attached 
to the manometer and half submerged in the water of the thermostat , a diop 
of very dilute fresh sperm was then introduced by a fine pipette into the 
tube lu the stopper of the chamber containing the eggs, through a small 
opemng in the top ot the stoppei When the glass plug closmg this opening 
had been replaced, the chambers of the manometer could be completely 
submerged in the water of the thermostat vnlh the tio^ cocks open It uas left at 
least 20 minittes with the shaker woiking, to come into complete equilibi lum with 
the temperature of the water of the hath 

If the eggs are not properly cooled to the bath temperature, or if the sperm, 
when run down on the eggs, are at a different temperature from the eggs, 
faulty manometer roadmgs will be obtained lo avoid any such errors in the 
present experiments, great care was always taken to have the eggs, sperm, 
and manometer, all at exactly the same temperature as the water of the 
thermostat tank before commencing an experiment The ^gs and sperm. 



the Echxnoderm Egg durtng Fertilisation 


217 


after being washed several times m clean sea-water were placed in large 
open-mouthed bottles suspended in the water of the thermostat They were 
taken from these bottles as required for an experiment and were therefore 
always at the same temperature as the bath water The pipettes used to 
measure out the eggs and sperm were always kept in separate bottles of sea- 
water when not in actual use, those bottles being also suspended in the 
water of the bath The manometers finally were always kept m position on 
the thermostat when not in use, so that when required for an experiment 
they were already thoroughly cooled to the temperature of the bath As 
already mentioned, in addition to these precautions 20 minutes was always 
allowed after the eggs and sperm were placed in the manometer chamber 
before the stop cocks were closed and the first reading taken It was found 
from preliminary experiments in which plam sea water was used instead of 
eggs and sperm, that when these conditions were observed in performing an 
experiment no cooling effect could be pioduced and that under these 
conditions, the first readmg on the manometer was perfectly accurate and 
satisfactory In revolving the chambers on the manoriielers the stop cocks 
of the apparatus were opened and immediatelj closed a moment later It 
was possible that, in the operation of revolving the chambers, they might be 
slightly loosened on their respective stoppers and so the oil drawn round, and 
a faulty reading obtained in this way This was avoided if the stop cocks of 
the instrument were open while the chambers were i evolved The chambers 
of my manometers were so accurately ground on to their respective instruments 
that I was unable, as a matter of fact, to produce any such error experi- 
mentally when I turned the chambers while the instruments weie closed 
An error of this kind could only be produced by actually forcing the chambers 
compl^ly loose from their manometers Observing the foregoing precautions 
then, at the end of 20 minutes the hands of the manometer stop cooks could be 
closed and readings commenced on the unfertilised eggs The same ^gs 
could then be fertilised by turning the chambers and allowing the sperm to 
run down on the eggs There was a small eiTor m this reading due to the 
presence of the drop of sperm in the small tube in the manometer stopper, 
but care was always taken to use very dilute sperm so that this error could 
be neglected To rotate the chambers, when they were attached to their 
instruments and the manometers themselves in position submerged m the 
water of the thermostat, wooden handles were wired on the necks of each 
chamber These were long enough to project well above the surface of the 
water, so that the warm hand or fingers never came m close contact or 
touched the manometer chamber wheb they were rotated Separate mano- 
meters were used for the oxygen and CO* measurements, the output of CO* 

VOUXClIl— B B 
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Ti« U— a^KmiDg fcb« amoaiit of oxygra tak«a up and tli« oarbwi dioxid* jnven 
off dunng the fertilimtion of half a million eggt (4-00 mgrmt of egg It) of 
ff. tpuentweroulatus. The lower line ahowi the oxygen conBumptioii of the Mine 
egg before fertiliMtlon Broken curve carbon dioxide output of egg*. Beepiratory 

S Uent ass. The quantitiea of oxygen and CO, are given in cubic tnliumetree 
ted againat tune in minntea. 
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being arrived afc by deducting the readings of the COa manometer from the 
oxygen apparatus 

It was inevitable that a considerable difference in the amount of oxygen 
consumption on fertilisation should ha\o been observed between different 
batches of eggs and sperm from different females and males In some 
individuals the generative products weie naturally more ripe and in better 
condition than in others As the eggs and spein foi expenments of this 
kind have to be cut out of the aniiiials an 1 not laid by the animals in the 
normal manner m the sea there is always some uncertainty as to their being 
perfectly mature 

The eggs can only be roughlj teste 1 by adding a little sperm to a few eggs 
in a watch crystal and seeing how evenly and quickly fertilisation takes 
place As Warburg (4) remarks it is obviously necessary in determinations of 
this kind that fertilisation should take place in all the eggs at the same 
moment and that the rate ot progress of this process once it is set up in the 
eggs should be the same in all the eggs These conditions are not always 
successfully hit off lu an experiment In a certain small number of experi 
ments out of some 200 to 300 performed these conditions were probably as 
favourable as the experimental conditions would allow and in these the 
readings were remarkably similar In the following section the figures of 
three typical experiments of this kind are given A graph of the readings is 
shown in figs 1 2 and 3 where the oxygen consumption in cubic millimetres 
u given plotted against the time in minutes 

III Expebimsnts 

Unfertilised Eggs (20 mgrm egg N ) 

The oxygen oonsumption of the unfertilised egg is so low that it is quite 
onmeasureablu with any degree of accuracy unless a much larger number of 
^gs 18 used than when a determination is made on fertilised eggs m the 
ordinary way Instead of using one to halt a milhon 4 to 5 millions 
(20 mgrm egg nitrogen) were used in arriving at the correct estimation of the 
respiration of the unfertilised ^s 

The average (16 determinations) amount of oxygen taken up by 4 to 5 
million unfertilised ^(gs in 10 minutes under the conditions of the expen 
ments was 7 c mm oxygen at this rate half a million eggs (4 mgrm of egg 
nitrogen) would consume 1 5 o mm in this tune 
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Feitilistd Eggs 

Ox} gen Manoinetei (4 06 mgrni egg N ) 

Ist minute after a Idition of sierra 12 c ram oxygen consumed 
2rid 17 0 cram oxygen consumed 

3rd 20 0 

4th 26 0 

6th 32 ^ 

6th 36 0 

7th 41 4 

8th 46 8 

9th 500 

10th 56 0 


Carbon Dioxide Manometer (4 08 mgim egg N ) 

At end of 2 minutes after a Idition of sperm difference was 2 o mm 
5 4 

8 6 

10 6 


At the end of the experiment the manometer chambers were opened when 
it was found that the eggs m both chambers had ell formed normal fertilisa- 
tion membianes and consequently all formed regular two cell segmentation 
stages A Kjeldahl determmation on the eggs showed that in the case 
of the eggs m the oxjgen chamber 406 mgrm of egg nitiogen were 
present and in the case of the COj chamber 408 mgrm of ego' nitrogen weie 
present 

It will be seen from the foregoing Tables and graph fig 1 that on addition 
of the sperm to the eggs there is an immediate consumption of oxygen In 
the course of the first minute the uptake of oxygen is many times that of 
the same eggs one minute before the addition of the sperm and more is 
usually taken up in the first minute than is taken up in the second and third 
minutes after the addition of the sperm taken together 

In all instances the COs output of the eggs follows the oxygen uptake very 
closely the respiratory quotient being in the neighbourhood of 0 92 

In fig 2 18 shown a graph of another experiment similar to the former 
in which half the quantity of eggs were employed (2 08 against 4 06 mgrm 
egg nitrogen) It will be seen botib curves are similar the later bemg half 
the value of the former 

At standard barometric pressure and temperature of 14 6° C 4 06 mgrm 
of egg nitrogen (half a million eggs) which before fertilisation consumed 
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1 8 0 inm of oxygen in 10 mmutea after fertilisation consumed 66 o mm in 
this time , there was thus an increase m the respiratory quotient of the eggs 
in 10 minutes after fertilisation of something like 37 times that of 
the unfertilised condition If we consider the increase taking place at the 
end of the first minute after the addition of the sperm to the eggs we get 



even more striking figures The oxygen consumption of the unfertihsed 
egg 18 , we have seen (16 determmations) about 15 omm oxygen for 
4 mgrm of egg nitrogen m 10 minutes and in the case of the present 
experiment a reading of this iTalue was actually obtained on the unfertilised 
egg If we divide this figure by 10 we arrive at the value of the oxygen 
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oonaomption for 1 minute m 0 15 o mm The same eggs fertilised consumed 
m the first mmute after the addition of the sperm 12 cmm of oxygen 
Thus the culdition of the sperm to the eggs oanses within the apaoe of 
1 minute an increase in their oxygen consumption of something like 
80 tunes that observed on the same eggs 1 minute previous to the addition 
of the sperm 

The exammation of sections of fixed material of the eggs of S mtero- 
triberculatiis during different stages of the process of fertilisation shows that 
the sperm take at least 10 to 16 minutes to enter the cytoplasm of the 
egg In matenal fixed within 2 minutes of the sperm being added to the 
eggs the sperm are seen only attached to the external surface of the egg 
membrane They have not penetrated the membrane itself 

This initial oxygen consumption of the egg immediately on fertilisation 
must be brought about by the first contact of the speim with the external 
surface of the egg membrane We arrive then at the remarkable conclusion 
that contact of the spermatozoon with the external surface of the egg is 
capable of mcreasing its oxygen consumpt on in 1 minute by something 
more than 8 000 per cent In fact the total oxygen consumption of the 
eggs shown in figs 1 and 2 represents some change brought about m the 
egg by the spermatozoon before it has entered the egg and before it has 
formed a male pronucleus in the egg cytoplasm It is moreover clear that 
when the fusion of the male and female pronucleus takes place at a later 
stage of the process it is not accompanied by any fresh rise in the oxygen 
consumption of the ovum but instead a slight dfop in the curve is often 
observed about this time (see fig d) The nuclear features of syngamy 
therefore seem connected in no lirect way with the oxidations takmg 
place in the ovum during fertilisation 

In fig 3 18 shown a graph of an experiment which illustrates these 
pomts. It represents the amount of oxygen taken up and the carbon 
dioxide given ofif during the fertilisation of a quantity of eggs that con 
tamed 2 8 mgrm. of egg nitrogen The curve extends over a penod of 
1 hour after the sperm were added to the eggs and so to a time when the 
first segmentation division has been completed and the egg has attained the 
two cell stage The readings are in 2 minute intervals up to the end of 
10 minutes and after this at 5 mmute intervals. At the end of 2 minutes 
10 5 cjinu. of oxygen had been consumed which compares favourably for thu 
quantity ol eggs with the figures obtained m the previous experunenta, the 
giafths of which are shown in figs 1 and 2 

It wfll he seen that at the end of 15 minutes the curve begtui to 
a^pfeo^ly flatten and this flattening mcreases at the 26th tniwutf when 
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the fusion of the pronuciei la taking place. At the 40th to 46th minute 
it begins to rise again and this synchronises with the first segmentation 



Fio. 3. — Graph showing the oxygen consumption and carbon dioxide output of a quantity 
of E. mxcrotubtreulatiu eggs that contained 2 8 mgnu of egg nitrogen dnnng the 
course of the first hour following fertilisation. It will be seen that the stespeet 
part of the curve is in the first 16 minutes, while the sperm are in ralaUon with the 
egg membrane. At the 26th minute, when the m^e and female pronuclei are 
undergoing fusion, there is a slight flattening of the curve. 

divifiioo. The steepest part of the curve is that in the first 10 minutes 
interval, which corresponds to t^e action of the sperm on the external surfsoe 
of the egg membrane. 
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As the supply of free energy required by the developing ovuni is mauHy or 
entirely derived from its oxidation processes it is surprising to find that 
during fertilisation, where a very large amount of energy is immediately 
rendered available, none of it is liberated as the result of the fusion of the 
egg pronuolei, a feature which heietoforefaas always been considered the most 
etiseutial and important part of the whole process. 

It IS of interest in this connection to compare roughly the oxygen con- 
sumption of the ovum on fertilisation with that of the fixed tissues of the 
adult body If we take liver tissue as one in which the metaboUc rate is high 
according to Barcroft and Shore (b), 1 grin of fresh liver tissue from a well-fed 
cat consumes 0 024 co of oxygen per mmute, winch is equivalent to 
240 emm in 10 minutes If we take Schryver8(7) figures of the protein 
nitrogen-content of 1 grni of well fed cat s liver as 22 4 mgrm nitrogen, we find 
the oxygen uptake of the ovum m the first 10 minutes of the fertilisation 
proceas as conipaied with that of a similar quantity of Iner protein in the 
same time is in about the ratio of 13 8 to 10 7 in round figures In the 
unfertilised egg this proportion is 0 37 to 10 7 foi the same time 

IV DibCUSSION 

There are good leasons for believing, as the result of Loeb's (8) experiments 
on the fertilisation of the eggs of StrongyloceMiotusyiith. thespeim of Asteiias 
and Lillie s (9) description of the process of fertilisation in Atrm, that the entry 
of the spermatozoon into the egg consists of two distinct phases Firstly, an 
external one, in which certam changes are brought about in the cortical 
substance of the egg the moment the sperm make contact with the external 
surface of the egg membrane , this would seem to be correlated with the 
initial oxidation taking place in the egg, as described above for E micro- 
tuberculatus Secondly, the changes following the actual entry of the sperma 
tozoon into the egg cytoplasm itself, which, as Liliie has shown in Nerm, only 
takes place some 30 minutes after the first phase of fertilisation, and m the 
sea-urchin follows some 10 to 15 minutes after the sperm are added to the 
eggs 

By centrifuging the ^gs of Neieia before the sperm has actually penetrated 
the egg-membrane, Lillie was able to sepaiate the jelly surrounding the egg 
and containing the spermatozoon from the egg itself These eggs complete 
meosis, which has been initiated by the spermatozoon, but never s^ment A 
typical segmentation nucleus xs, however, formed, which breaks down leaving 
thb ohromoeomes free in the egg cytoplasm , they split longitudinally in the 
normal manner, but never separate No asters or imotic spindle appear in 
these eggs, as when the complete process of fertilisation is allowed to take 
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place , and in the abeence of these structures the process of cell division makes 
no further progress, and the chromosomes finally degenerate and break down 
This experiment clearly proves that the sperm bring about profound altera 
tions in the e^ while still external to the e^-membrane Loeb (8) has shown 
that when the eggs of Sirongyloeentrotua are fertilised with the sperm of 
Aatenaa, in hyper-alkaline sea-water, they only form fertilisation membranes 
no actual segmentation takes place unless the eggs receive further treatment 
so that artihcul parthenogenesis is induced 

Meyerhof and Warburg in many of their experiments have shown that 
any injury or cytolysis of the egg-membrane is mvanably followed by a great 
increase in the oxygen consumption of these eggs Meyerhof (10) found that 
this 18 usually accompanied by an increased liberation of heat In eggs 
treated with weak solutions of NaCl, m which the normal condition of the cell- 
wail 18 destroyed m the absence of Ca and K ions, the rise of oxygen con- 
sumption was five times that of the same quantity of untreated eggs The 
heat production was increased from 0 9 grin calories pei hour to 3 4 grm - 
calories per hour, after treatment with valerianic acid, by which artificial 
membrane formation had been induced 
A great many of Loeb’s and Warburg’s experiments point conclusively to 
the cortical layer of the egg and the egg membrane as being the controlling 
iactwf in the oxidation processes of the egg Any change brought about in 
these IS immediately reflected in the oxygen uptake of the egg Loeb has, of 
course, based his method of producing artificial parthenogenesis on the fact 
that alteration of the surface layer of the egg renders the commencement of 
development possible But how can the cytolitic destruction of the surface 
layer of the egg lead to development? Warburg has shown that there aie 
gooa reasons for believing that the oxidations taking place in the egg occui 
mainly at its surface, for NaOH, which does not diffuse into the egg raises 
the rate of oxidations more than NH 4 OH, which readily diffuses into the egg 
Moreover, he found (11) that the addition of iron* salts to the broken up eggs, 
•or acetone egg powder, was followed by a considerable moiease in the oxygen 
consumption of these egg preparations. If the iron-content of the egg 
powder was doubled, the uptake of oxygen was also doubled He found 
marked traces of iron in the sea-urchin egg He suggests that the iron 
probably acts the part of a catalyser If the iron were located in the hpoid 
layer of the egg in a condition in which it was unable to act, some slight 
alteration in this layer, due to the action of the sperm, might render it active 
or bring both the iron and the oxidisable substrate into a condition in which 
<they could quickly interact We know from Thuuberg’s work (12) that lecithin 

* Warburg found 0*03 mgnn ii^n per gramme dried ogg lubetance 
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m a watery suspension consumes oooaiderable oxygen in the presence oi iron 
salts The e^ of the sea-urchin contauis considerable quantities of this 
lipoid. 

Warburg (13) has pointed out that there are many points m whidi the meta- 
bolism of the fertilised egg resembles that of the yeast cell In each it has 
been shown that structure plays a very important part, as acetone prepara- 
tions of both the egg and the yeast-oell retain considerable respiratory power 
Meyerhof (14) finds, however, that if acetone yeast is well washed with water,. 
It soon loses its capacity to take up oxygen If a little watery extract of yeast 
18 added to the washed yeast, it immediately regains its lost respiratoiy 
power In the water used in washing the yeast Meyerhof found the presence 
of some compound containing the (SH) group Hopkins (16) has recently 
isolated from the yeast cell a substance which is undoubtedly closely related 
if not identical with this respiratory body of Meyerhof It proves to be a 
combination of two amino-acids, glutamic acid and cystine, to which Hopkins 
has given the name of glutathione This dipeptide possesses most remark- 
able properties in that in the reduced (SH) form, it can take up molecular 
oxygen while in the oxidised (S-S) form ao produced it can act as a 
hydrogen acceptor and can catalyse oxidations of the Wieland type, in 
which no activation of oxygen probably takes place, but an activation of 
hydrogen occurs instead In the presence of a suitable acceptor the 
hydrogen is removed and the oxidation of the original sabatance takes place 
It can therefore be both reduced and oxidised under the influence of factors 
known to be present in the tissues themselves. Moreover, it possesses 
precisely those properties which a oo ferment adapted to an oxidase system 
would possess and at present stands entirely in a class by itself Hopkins 
has shown that it is present in most livmg cells, but he could find no trace of 
it in the hen’s egg, although it was very obviously present m the 30-hour chick 

I find, however, that in the npe eggs and sperm of JB miiiarta it is invari- 
ably present in an appreciable quantity m the reduced form, but one mmute 
after fertilisation the same ^gs give a very deep magenta colour by the nitro 
prusside test It is very readily washed out of the oggs by warming them 
with a trace of acetic acid m sea-water the washed eggs then no longer give 
the test In the unnpe egg, in which the nucleus is plainly visible, 1 could 
find no trace of its presence by the nitro-prusside test In the npe eggs it is 
present in the reduced form in very variable quantities, no two females giving 
thd^Wne result, probably depending on varying degrees of npeness of their 
gonads In a number of samples of npe sperm it semned to be preosnt m 
much leae quantity than in the e^sa , but here agaaa in two aao^plea of spenik 
it waa present in much greater quwitity than in any of the eggt examined. 
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It 18 of course, possible that the dipeptide is present in considerable 
quantity in the eggs and sperm in the oxidised (disulphide) form and that 
during fertilisation it undergoes reductaon It has of course long been 
known that the hydrogen ion concentration of the sea water exercises a 
marked influence on the uptake of oxygen by the egg of the sea urchin 
Thus Warburg (13) found that an increase m the HO concentration in the sea- 
water m which the eggs of Strongylocentrotus «ere placed from 10 * to 10~’ 
incnreased the oxygen consumption of the eggs from 1 4 to 8 1 Hopkins 
finds that glutathione in the oxidised form is rapidly reduced by fresh 
tissues but that this reduction is greatly accelerated if the reaction or Pn of 
the medium is well on the alkaline side of neutrality while an acid reaction 
greatly retards this reduction In n similar manner the oxygen uptake of the 
e^-oell IS accelerated by alkali and retaided by acids 

That the glutathione is readily washed out of the eggs is shown by a 
slight pink colour the wash water gives by the nitro prusside test In 
certain experiments in which the unfertilised eggs were treated so that their 
glutathione was washed out I could find no trace of respiratory power on 
the part of these washed eggs The same eggs unwashed showed well 
marked respiration The oxygen consumption of the unfertilised egg is so low 
however that it is perhaps unfair to assume on this ground that glutathione 
16 the sole body concerned in the respiration of the ovum Prof Hopkins 
has been so kind as to undertake certain experiments with washed 
egg material for me and he tells me that on the addition of glutathione to 
these egg preparations the redaction of this m the presence of fresh tissue 
was markedly greater in the case of the fertilised waslied eggs than m the 
case of the unfertilised There seems to be fairly substantial ground then 
for believing that there is an immediate increase in the quantity of this 
remarkable body in the ovum on fertilisation 

It has been mentioned that cystin is one of the amiuo-acids entering into 
the composition of glutathione it is interesting to note that Wai burg (16) 
has recently drawn attention to the fact that cystin absorbed on the surface 
of carbon particles is capable of considerable respiration taking up oxygen 
and giving off carbon dioxide He found that one gram of blood carbon dis 
solved in a similar weight of a 1/600 N cystin solution took up the same 
quantity of oxygen as a similar weight of Uver tissue The carbon cystin 
system, moreover under the action of oxygen, gives the same end products 
as the combnation of egg white, that is carbon dioxide ammonia and 
sttlphnno acid 

Thare are a number of otboi interesting points bixiught up by the presenea 
of gb«tatbio»e an the gecm*edls of the eea urchin and the poesibla rOU it 
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may play m the oxidation prooesaea of the ovum Theie can bardr^ be 
much doubt therefore that ita mveatigation in the future will reveal many 
new and hitherto unsuspected facts with regard to the oxidations taking place 
in the ovum on fertilisation 


V Summary 

1 By the use of a special type of the Barcroft differential manometer the 
oxygen consumption and the carbon dioxide output of the egg of £ micro 
tuberculatua has been measured during the period the sperm are actually 
making their way into the egg The eggs were fertilised in the closed 
chambers of the apiiaratus and their respiration observed before and dunng 
fertilisation 

2 It has been shown that during fertilisation the sperm within a minute 
of their being added to the eggs bring about an immediate mcreose in their 
oxygen consumption 

3 The study of sections of fixed material of the eggs during the process of 
fertilisation shows that withm 2 minutes of the sperm being added to the 
eggs they have not penetrated the egg membrane They are only in contact 
with Its external surface 

4 This contact of the spermatozoon with the external surface of the egg 
membrane however is capable of increasing in the space of a minute the 
oxidation rate of the ovum by something more than 8000 per cent 

5 Dunng fertihsation there is more oxygen taken up in the first minute 
of the process than at any subsequent interval of the same time 

6 The carbon dioxide output of the eggs during fertilisation closely follows 
the oxygen consumption the respiratory quotient varying from 0 9 to 0 96 

7 The curve of the oxygen consumption of the ovum during feitilisation 
points conclusively to the stage when the speim are in contact with the egg 
membrane as the most important part of the process 

8 The fusion of the male and female pronuolei in the later phases of 
fertilisation is coii elated with no additional mcrease in the oxygen con 
sumption of the egg cell 

9 The oxidation rate of the ovum on fertilisation is probably considerably 
greater than that of any of the adult body tissues while the oxidation rate of 
the mature unfertilised ovum is very much less than that of any adult body 
tissue 

10 The ripe sperm and eggs of h vititartS contain appreciable quantities 
of the dipeptide glvicdhvmt in the reduced (SH) form In the egg 1 minute 
after fertilisation it is found in much greater quantity than in the unfertilised 
condition It can be washed out of both the fertilised and unfertilised egg 



229 


the Echxnoderm Egg during Fertilisation. 

The washed eggs no longer give the nitro-prasside test In the immature 
germ cells it seems absent, at least in the reduced form 
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The Depressor Nei've of the Rabbit 
By B B Sarkak 

(Communicated Sir E Sharpey Schafer FES Received October 31, 1921 ) 

(From the Department of Phyeiology Edinburgh University ) 

[Plat* 4] 

Since the discovery of the depressor nerve • much work has been done m 
connexion with its important influence on the regulation of blood pressure 
but (so far as I am aware) no attempt has been made to determme its 
histological structure 


Oingtn and Course of the Depressor 

Cyont gives the following description f the origin of the nerve The depreesoi nerve 
in the animals worked upon usually begins with two branches at the point of departure 
of the supeiior laryngeal nerve from the vagus one fiom each of the two nerves The 
nerve soon after its origin passes towards the cervical sympathetic, in company with 
which it descends the neck towards the inferior cervical ganglion With this ganglion 
it 18 often connected by fine branches it then turns inward past the subclavian artery, 
and loses itself at the base of the heart, to which it passes from behind between the 
pulmonary artery and the aorta Just before entering the heait tissue the two 
depressors lie close to one another 

This is stated by Cyou to represent the course of the nerve in rabbits cats, and horses , 
and probably in other mammals in which the cervical sympathetic runs separately from 
the vagus 

My own obaervations have been made upon rabbits I have not been 
able to substantiate the statement that a separate depressor is present 
in the cat and I have had no opportunity of investigating the subject m 
horses 

Besides makmg a number of sporadic observations on animals killed for 
different purposes I have examined the depressor systematically on both 
sides in seven rabbits I And that it vanes greatly in its mode of ongin, 
which IS usually as stated by Ludwig and Cyon, from two branches, one 
from the va^iUs the other from the eupenor laryngeal (fig 1) But m some 
oases It was a single nerve throughout (hg 2) while in others the two 
branches of oiigm ran separately for a greater or less distance, and even to 
their destination (fig 3) J When single the nerve was generally found to 

* Ludwig and Cyon, Arbeit physiol Anstalt, Leipzig, 1866 

t ‘ Methodik d physiol Expenmente,’ 1876 

I Figs. 1, S, and 3 are merely diagrams, and are not mtended to represent the actual 
size, dutanoe apart, or length of the nerves 
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originate from the angle where the aupenor laryngeal leaves the vagus 
When the two branches of origin were separate, one usually left the vagus 
at this point but sometimes lower clown the other was denveil from the 
superior laryngeal a short distance after it had left the vagus In certain 
cases the whole nerve ran along the supenor laryngeal for a little distance 
before emerging as a separate nerve As Ludwig and Gyori state the 
depressor lies close to the cervical sympathetic throughout most of its course 



FiO J — Diagram of ongln and course of depressor nerve m a rabbit, ebowmg the usual 
derivation of the nerve by two threada, one from the supenor laryngeal and the 
other from the vagus trunk 

Fio S— Diagram showing the nerve onginating as a smgle filament ft om the superioi 
laryngeal Note the (unusual) splitting and rejoining of the nerve in the middle of 
itacooree 

in the lower part of the neok one or two short branches unite it with the 
inferior cervical ganglion I have usually found it to divide at its lower end 
into three filaments, one of which passes to the aoita and the other two to 
the base of the heart In two instances in which the two branches of origin 
were quite separate throughout, one branch (the vagal) ran to the aorta 
without forming any connexion with the inferior cervioal ganglion,* while the 

* This ganglion, which has always been known to physiologists as the " mfenor 
oernoal^' u now frequently termed by anatomists the " middle oervioal 



232 


Mr. B. B. Sarkar. 


other (the superior laryngeal) was connected by two filaments with, that 
ganglion and then passed to the tissue at the base of the heart (flg. 3). 



Fio 3 —Diagram showing the depressor pasting down as two separate nerves, one of 
which, ausing from the superior laryngeal, goes to the aorta; the other, arising 
fiviu the vagus trunk, to the Iiase of the heart. The first one is connected with the 
inferior cervical ganglion by two fine filaments (These are also shown in figs 1 
and S ) 


To determine the exact origin of the nerve, serial sections of the vagus 
were made upwards from the angle where the superior laryngeal nnd the 
depressor leave it All three nerves are encased in a single epineurium until 
the superior laryngeal separates from the vagus (hg. 6 — see Plate 4), On 
examining such a set ies of sections a group of ganglion cells is found lying 
between the superior laryngeal and the main vagus trunk just before the 
superior laryngeal separates out (fig. 4). In some animals these cells are 
continued into the beginning of the superior laryngeal nerve as far as the point 
where its depressor branch leaves that nerve. When the whole depressor or 
one of Its parts separates from the vagus after the superior laryngeal branch 
has been given off, the group of ganglion cells in question extends down the 
vagus trunk nearly as far as the point where its depressor branch emei^s 
(fig. 6). These cells probably give origin to afferent fibres of the 
depressor. In cases in which the depressor emerges high up, the group 
may lie close below the ganglion trunci, although distinctly separate fronr 
that ganglion. 
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Microscopic Examination of the Nerve 

For histological purposes a piece of the neive was slightly stretched on a 
card fixed with osmic acid washed and transfeired to alcohol Sections 
were cut by the paraffin methoil (figs 7 and 8) Teased preparations were 
also examined Microscopically, the nerve is found to consist of both 
myelinated and non myelinated fibres (fig 9) The myelimted fibres are 
both medium si/ed and very fine Most are between 4/* and G/i (0 004- 
0 006 mm ) in dnnieU r but in two nerves two or three fibies of about 8/i 
(0 008 mm)weie found llie tine myclmatKl fibres have the chaiactei of 
pre ganglionic autonomic nerves Ihe non myelinated resemble post 
ganglionic autonomic fibres Both these kinds of fibres are presumably 
efferent 

The size of the whole nerve varies in different cases Ihe right nerve is 
usually smaller than the left and contains fewer myelinated fibres I have 
made an attempt to count the myelinated fibres in six labbits but the small 
diameter of the finest fibres renders the task a difficult one And it is 
impossible to see the non myelinated fibres clearly enough in section to be 
able to count them Nor is it easy to obtain sections so exactly transverse 
as to show each myelinated fibre distinctly The following figures aie 
therefore given for what they are worth — 

Tl^e total number of myelinated fibres of all sizes m the nerves of the two 
sides showed an individual difference of from 375 to 496 fibres the average 
number being 433 in the two Ihe average number of myelinated fibres of 
all sizes in the right nerve was 177 and in the left 256 Ihe total number 
of fibres contained in the branches when these remained separate fell within 
these limits 

/Summary 

1 The depressor neive of the rabbit appears to be connected, at least m 
part with a special collection of ganglion cells in the vagus distmot from the 
ganghon of the tiunk This collection may extend a certain distance into 
the superior laryngeal or may pass into the vagus trunk some distance below 
the ganglion of the trunk, but in most it lies in close contiguity with and just 
below that ganglion The cells of the group in question probably give nee 
to the afferent fibres of the depressor 

The exact pomt of origin of the nerve is vanable It is usually formed by 
two branches, one from the superior laryngeal and one from the vagus In 
some cases it is double throughout, in others single. It is connected below 
by fine branches with the inferior (servical ganglion and can be traced to the 
root of the aorta and base of the heart 


vou xcin — B. 
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2. The size of the nerve and the number of fibres it contains vftf in 
different individuals. The left nerve is generally larger and contains more 
fibres than the right. 

3. The depressor contains not only medium-sized myelinated fibres, but 
also a considerable number of very fine myelinated fibres, and others which 
are non-myelinated. It is, therefore, probably not wholly formed, as has 
usually been supposed, of afferent fibres, for these fine myelinated and non- 
mj ehuated fibres closely resemble those belonging to the autonomic nervous 
system and are presumably efferent.* 

The expenses of this investigation have been mainly defrayed by a 
grant from the Earl of Moray Fund for promoting Research in the 
University of Edinburgh, 

DESCRIPTION OF PLATE, 

Tig. 4 — Section of vagus trunk just before the superior laryngeal branch is given off. 
On the left is seen the vagns , on the nght, the superior laryngeal , between them 
the group of cells from which the afferent fibres of the depressor prohaUy arise 
Photograph x 70 diameters. Osmic preparation. 

Fig. 0 — Section from the same preparation but taken a little lower down. The superior 
laryngeal is now quite separate from the vagus. The group of cells shown in fig. 4 
IS still visible, and fibres of the depressor are beginning to accumulate at the side of 
the vagus. Photograph x 70 diameters. 

Fig. 6.— Section from the same preparation still lower down. The three nerves now 
appear as entirely dutinct bundles, each surrounded with its own penneurium, but 
enclosed in a common epineurioni On the left, the vagus ; on the nght the 
supenor laryngeal ; the depressor is the small bundle of fibres between them. 
Photograph X 70 diameters. 

Fig. 7.— Section of a depressor nerve. Osmic preparation. Photograph X 400 diameters. 
Fig. 8. — Section of the two filaments of origin of a depressor nerve, just before their 
union Fhotog^'aph x 400 diameters. (Thu section is not from the same animal 
as that from which fig. 7 was obtained ) 

Fig 9. — From a teased osmic preparation of a depressor nerve. Photograph 
X 300 diameters. The figure shows medium-sized and fine myehnated fibres and a 
few non-mjehnated fibres. 


* According, however, to S W. Raiisou (‘ Physiological Review,’ vol 1, p. 479) small 
myelinated and unmyelinated fibres are included among visceial afferent fibres. This 
statement is based on bis own observations recorded in ‘ Joum. Comp Neurology,' vol 29. 
See also the same Journal, voL 24. (Private communication to E.'S. S.) 
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The Coagulation of Protein by Sunlight 
By Elkid GtoEDON Young, Bamsay Memonal Fellow 
(Communicated by Prof F G Hopkins, FES Beceived July 6, 1921 ) 
(F^om the Biochemical Laboiatury, Cambndge University ) 

It was first shown by Dreyer and Hanssen (1) in 1917 that ultra-violet light 
produced a change in protein solutions which appeared to be similar to 
coagulation by heat They exposed various solutions in quart/ chambers to 
the light of a Bang lamp with iron and silver electrodes Vitellin was found 
most easily coagulated, while globulin, albumin and fibrinogen showed a 
decreasing sensitivity to ultra-violet rays m the order mentioned These 
investigators also discovered that acids markedly increase the rate of precipita- 
tion Soret (2) had shown in 1883 that there are absorption bands in the 
extrepie ultra-violet region of the spectrum of various proteins, ey, casein 
ovalbumm, mucin and globulm Tyrosine likewise has this band m the 
ultra-violet and Soret attributed to this constituent of the protein molecule 
its power of absorbing ultra violet lays In this connection Hams and 
Hoyt (3) earned out some interesting expenments on the protective power of 
various substances for paramoecium cultures exposed to ultra-violet radiations 
They found that gelatin peptone, amino-benzoic acid cystme, leucine and 
especially tyrosine possessed the power of detoxicating ultra-violet rays when 
placed as a thin layer of cM^ueous solution over paramoecium cultures under a 
quartz-mercury lamp The toxicity of the radiations for paramoeoia or 
protoplasm m general can be understood m the light of the discovery of 
Dreyer and Hanssen coupled with that of Soret 

From a physico-chemical standpoint Bovie (4) has published a study of the 
coagulation of proteins by ultra-violet light By exposmg solutions of 
crystalline ovalbumin, both dialysed and contaimng electrolytes, to the light 
of a mercury-vapour lamp, he came to the conclusion that there were two 
reactions involved m the coagulation of ovalbumm by ultra-violet light 1 he 
first 18 a photochemical one with a low temperature coefficient, — denaturation , 
and the second is one with a higher temperatuie coefficient of two and is 
dependent upon the electrolytes present — coagulation While using solutions 
dialysed against tap water Bovie made the observation that the protein 
appeared to become sensitive to light of longer wave-length, for his control 
tubes in glass were slowly coagulated 

Finally, from a medical point c/t view Schanz (6) has earned out a tew 
experiments on this phenomenon with egg-white, blood serum and pig lenses 

s 2 
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Ifrom qualitative experiments only he claims to have discovered that'%©rtain 
substances such as glucose, alcohol lactic acid urea and acetone, sensitise the 
serum proteins while he states that certain German mineral waters piotect 
them He uses these observations to explain certain pathological conditions 
especially old-age cataract 

When working with solutions of serum albumin which had been several 
times recrystalhsed I had noticed that a marked change was produced in the 
solution while m glass vessels so that the protein was almost quantitatively 
precipitated by mere exposure to sunlight This precipitation occurred both 
with material which had been prepared by the alcohol ether method and that 
obtained by direct crystallisation from serum os I have described in a previous 
CJmmiinication (6) A heai y precipitate appeared inside of 2 hours which 
proved soluble only in dilute alkali The phenomenon seemed of such 
importance that a more thorough exammation of the nature of the chemical 
leaction underlying it was undertaken 
As I have been unable to find any record of such a marked change in 
protein solutions by the action of sunlight in the literature and further as the 
reaction was obtained with serum albumin of a purity such as has never I 
venture to think been achieved before I attributed my observation of light 
instability to the purity of the preparations 
Ihe following pages of experimental work are designed to show that the 
coagulant action of ultra violet light on albumin in aqueous solutiou is also 
brought about by the visible rays of the spectrum when highly purified 
material is used Experiments are descnbed which show further that the 
nature of the reaction is identical with coagulation by heat in all points tested 
experimentally That there are two reactions involved is demonstrated and 
changes in some physical constants of the pure protein solutions by the action 
of visible light rays are descnbed as evidence towai ds an explanation of the 
primary leaction of protein coagulation 

Methods 

Dialysis — For the complete and rapid removal of contaminating electrolytes 
from solutions of albumin, the dialysing apparatus devised by Sorensen (7) 
has been used in a slightly modified form It was necessary that the 
apparatus should possess the particular advantage of allowing the operator to 
maintain the solutions at their original concentration or to further oonoentiate 
them dunng dialysis 

Preparation of Collodton Membranes — Medicinal cotton wool was 
purified by extraction with boilmg dilute alkali followed by repeated changes 
of boding water The cotton was then dried and further extracted m 
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refluxing absolute alcohoL After drying nitration was carried out as 
recommended by Blitz and von Vegesack (8). The washed and dried cellulose 
nitrate was dissolved in anhydrous alcohol-ether mixture (.'} . 1) to form a 
3 per cent, solution. This was applied by the Sorensen technique to a test- 
tube of J inch diameter. Six or seven applications were given with a drying 
interval of 10 minutes between applications, and a final drying period of 
5 to 7 hours before soaking in water. 

The DicUysing Apparatus — The general arrangement of the various parts 
was essentially that of Sorensen, although a smaller, slightly modified cell was 
used. The latter had a capacity of 250 c.c., while the membrane saok held 
40 C.C. By the insertion of an extra limb in the upper part of the cell, very 
close to the neck, it was possible to remove the dialysate completely from the 
lower opening by the admission of air through the extra limb before intro- 
ducing fresh water. This, 1 have found, allows of more rapid removal of the 
electrolytes present with a minimal use of distilled water, and also of the 
ready withdrawal of samples of the dialysate for analysis. The dialysis was 
carried out at room temperature, ie, 10-15° 0., and the negative pressure 
found necessary varied from 5 to 20 cm. of mercury. The dialysate was 
replaced with distilled water twice daily. The only satisfactory way of 
deterimning whether the dialysing apparatus was in proper working order 
was to carry out a series of analyses on the successive dialysates withdrawn 
Table I shows how efficiently the cell was fimctioning when it contained a 
solution of ovalbumin of 11 09 per cent, strength. After the fifth day no 
further positive test for the predominant impurity, (NHi)jS 04 , could be 
obtained. The solution contained 1‘440 grin. (NH 4 ) 3 SOi at the start and the 
first two days’ dialysis served to remove more than 98 per cent, of the con- 
taminating sulphate. 


Table I. — Dialysis of Ovalbumin Solution, 11'09 per cent. 


D.y. 

SO« Uit. 

Protein test. 

(NHOrSO^ content | 

Gnn. 

Per cent toUl. | 

1 



1-2078 

88 02 ' ! 

2 

+ + 


0 1478 

10-28 

8 

+ 


0 0187 

1 30 

4 

+ 


0-0023 

0 16 

5 



0 0007 

0-06 1 

’ ’ j 1 4865 

90 76 
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The (NH 4 )iS 04 was determined by distillation with aeration as in a wicro- 
Kieldahl determmation, using N/20 or N/lOO HsS 04 in the distillate receiver 
and titrating excess acid by N/20 or N/lOO NasSjOj in the lodide-iodate 
titration 

The Preparation of Albwmn . — Crystalline ovalbumin from one dozen egg 
whites was prepared by means of (NH4)jS04 and N/3 H1SO4, crystallising 
and recrystallising at the isoelectric point Samples of the successive 
recrystallisations were dialysed in the apparatus previously described and the 
lemamder after the third crystallisation treated likewise 

About 800 C.C of horse serum were treated as described in a previous 
communication (6), using the direct method, and the crystals obtained 
recrystallised three times This material was used for several of the experi- 
ments described below 

Technypu of Light JEiywsMje— Small test tubes of | inch diameter of 
ordinary clear glass were used About 6 cc of the fluid under examina- 
tion were placed in a test tube or a small glass spectroscope box and exposed 
to sunlight or artificial light from which the infra-red ra} s had been removed 
by passage through a vessel with parallel sides containing clear water A 
5 inch lens with a focal length of 6 inches was used to concentrate the light 
rays, and it was placed about 5 inches distant from the light source in the 
case of the arc The entire solution was exposed to the rays somewhat m 
advance of the focal point 

It was highly desirable to obtain a sutficiently powerful source of artificial 
light with some degree of constancy m place of the capiicious sun The light 
from a carbon arc, made by the Firraa Carl Zeiss for use with their ultra- 
microscope and mounted on an optical bench, was used for several experi- 
ments A current of 10-15 amperes was employed This will bring about 
the same eflect as sunlight if exposure be for a sufticient length of time 
The intensity of the arc is only one tenth that of mid day sunlight, and thus an 
approximately similar result by artificial light requires about five tunes or more 
the length of exposure to sunlight Anothei disadvantage in the use of the aic 
18 the necessity of changing carbons frequently foi with the current strength 
used the carbons are completely burned up in hours, thus necessitating 
changmg three or four tunes in the couise of an experiment with ovalbumin 

Method of Pii Determinations — The concentration of hydiogen ions in the 
various solutions used was determined colonmetrically using the standard 
buffer mixtures devised by Clark and Lubs (9) The accuracy of the buffer 
mixtures was checked electrometncally by means of the potentiometer and 
the Barendrecht electrode After some experimentation, the three following 
indicators were selected as most suitable for the purpose 
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Ps. Indicator. 

3 1 — 4 4 Methyl oraugo. 

4-4 — 6 0 Metliyl red 

6 4 — 7 8 Neutral red. 

. To obviate possible errors due to the presence of proteins and salts, the 
method of dilution was adopted. Thus 1 c c. of fluid was pipetted into a test 
tube, 4 c c. of COa-free water added, and a suitable quantity of the indicator. 
A comparator was employed in cases of turbidity or foreign coloration. Tlie 
procedure of dilution was tested and the values obtained by the use of the 
indicators were verified electrometncally on test solutions 


Results. 

Experiment 1 . — of different CrystalltmtiovA to Light Change 
A series of tost tubes were prepared containing solutions of the first three 
crystallisations of ovalbumin. These were approximately of 2 per cent. 
Btiengtli and had been dialysed free from electrolytes. They were adjusted 
to the same Pn by addition of a few drops of N/10 HCl. Another series was 
prepared containing 1 c c. of the diflereiit ovalbumin solutions and 2 c c of a 
buffer mixture, made up of equal volumes of N/1 CH3COOII and N/1 
CHsCOONa, giving a Pu of 4 74 The results aie shown lu Table II 


Table II. — Susceptibility of Different Crystallisations to Illumination 


Test 

Mixture | 

Pu 

1 

3 cc solution, lit crystallisation 

6 4 


loc „ „ +2co buffer 

4 (! 

2 

3 CO „ 2nd „ 

C 4 


Ice „ „ 42oc buffer 

4-7 

3 

8 0 c. „ 3rd 

5 4 


Icc „ „ +2cc buffer 

4 7 



Time of expoiure to xunlight, 0 honri. 

Albumin concentration of unbuffered solutions, 2 per cent 


From the results recorded in Table II, where precipitates appeared in the 
buffered solutions of the second and third crystallisations of ovalbumin, it 
became evident that repeated crystallisation tended to render the albumin 
more sensitive to light. It is to be noted that no precipitate appeared in 
the unbuflered solutions. Now, between the unbuffered and buffered 
solutions there existed three differences. The buffered solutions possessed 
a slightly lower concentration of protein, a slightly higher concentration of 
hydrogen ions, and a much gteater electrolyte-content tlian the unbuffered 
solutions. 



“240 


Mr E G Young 

The precipitate obtained was soluble in alkali but insoluble m ^cess 
water or acid The amount was small and only a low fraction of the total 
protein m solution 

Experiment 2 — The Influence of Pn Vaiiaiton on the Light Reaction 

To determine the possible effect of Ph variations a series of tests were 
prepared containing ovalbumin solution of the third crystallisation product 
to which a few drops of acetio acid of 10 per cent strength had been added 
A control tube containing the same albumin solution with buffer mixture 
was illuminated at the same time Fuither controls of tests 1 and 6 weio 
piepared and kept at the same temperature in the dark The proportions 
and results aie lecorded in lablc 111 

Table III — Effect of 1 n Variations on Unbuffered Ovalbumin Solutions 

Teit Mixture 

1 flee solution ^ c c b ffer »ol t n 

2 Set + 0 Oo aoot o acid 

3 SCO +0 10CC 

4 Ste +0 ISco 

6 Set +O20CC 

Time of eipoture to a nlight 8 b uri 
Concentration of oTalbumin approximately 2 per cent 

The P([ values were determined at the close of the experiment and the 
results were only seen m reality when the tubes were all brought to the 
isoelectric point of ovalbumin On neutralising the acidic solutions with 
dilute NaOH a marked precipitate appeared about Pu 6 0 (4 8-6 4) which 
was soluble in excess of alkali but repreoipitated at the same Pn on adding 
acid This precipitate remained undissolved on further acidification of the 
solution The volume of the precipitate varied directly with the original 
degree of acidity The two unilluminated control tubes showed no pre- 
cipitate whatever when adjusted to a Pji of 5 0 This experiment shows 
that acid increases the rate of the light reaction but that m solutions very 
low in their concentration of electrolytes the albumin is not precipitated 
This observation brings the reaction in very close similarity to heat ooagula 
tioD The absence of a precipitate in the unbuffered solutions of Experi- 
ment 1 can now be explained in the light of the fact brought out by 
Expenment 2 

A wider range of Ph variations was next tried with the purpose of 
discovering the influence of alkali on the reaction Phosphate and phthalate 
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bufler mixtures were employed, with a solution of ovalbumin three times 
recrystallised. The time of exposure to very bright sunlight was 6 hours 
Ph determinations were made both before and after the exposure. The 
results are recorded in Table IV. Each test consisted of 2 c c of buffer and 
1 c.c. of ovalbumin solution. The concentration of ovalbumin in the 
original solution was 2 per cent., and in the illuminated tubes was thus 
about 0 7 per cent Controls of tests 1 and 6 were prepared and kept m 
the dark, with negative results 


Table IV — Effect of Ph Variations on Buffered Ovalbumin Solutions 



At the conclusion of the period of illumination, the tubes on the acid side 
of Pit 6 4 showed precipitates, the degree of which varied directly with the 
hydrion concentration. The tubes on the alkaline side of Pa 6 4 were 
merely opalescent. On ocidulation to a Pa of 4‘8, however, there appealed 
precipitates, the degree of which varied dii'eotly with the hydroxyl ion 
concentration of the original solution. The comparison between heat 
coagulation and light coagulation is thus brought even closer. Both acids 
and alkalies increase the late of the light reaction, and during this change 
tlieio IB a removal of H or OH ions from the solution de^iending upon its 
reaction. 

Experiment 3. — Whal PhysKcd Changes does the Pi otein undergo he\fore 
Flocculation 1 

In order to discover whether some physical change in the solution 
which was being subjected to light bombardment might be used as an 
indication of the rate of the light reaction, several properties were investi- 
gated. It was my intention to study the first reaction quite separately, if 
possible, from the second, involving the flocculatiou of the altered protein. 

<A) Optical notation . — A 100-mm. tube, filled with the dialysed solution of 
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the third crystalline product of ovalbumin, was exposed to the light*^ the 
arc, and readings of the optical rotation were made frequently by removing 
the tube to a Hilger polarimeter, with direct - vision spectroscope, and 
observing the rotation {ety) of the green line of a quartz mercury-vapour 
lamp (X = 646‘1 nn). The instrument was accurate to 0 ‘ 01 °. The observa- 
tions were as follows : — 

Table V — Effect of Illumination on Optical Rotation. 

I Time of illatttination a, | [ajk 


minute* ° I 

0 0-79 - 30 00 I 

10 0 81 -37 60 

30 0 84 -88 -OO I 

45 0 87 I -40 3S ] 

105 0 87 -40 -.SS 

Concentration of OTalbuiiiin, 2 10 jicr cent 
ar ** obseried rotation 
[a]i. » rpeeiflo rotation 

The results m Table V show that oue of the effects of radiations of the 
visible spectrum on pure crystalline ovalbumin is an increased power of 
optical lotation. This increase m specific rotation was observed in a 
solution that was entirely free from precipitate. A control tube of the 
same length, and oontaiping the same solution, was read consecutively with 
the illuminated tube. It gave the same reading of 0 79 throughout the 
experiment 

An experiment to confirm the above observation was tned, using 
crystalline serum albumin which had previously been exposed to sunlight 
for 2 hours The protein thus exposed was completely coagulated, for the 
solution contained (NH 4 )sS 04 to the extent of 1 per cent. It is to be noted 
that m this expenment the serum albumin of 3-46 per cent strength was 
completely coagulated inside of 2 hours, whereas ovalbumin in similar 
concentration is only partially coagulated after 6 to 8 hours' exposure. 
Now, the original unilluminated serum albumin had had a specific rotation 
of — 78‘60° by the green line of the mercury spectrum (X a= 646 1 /t/*) 
To the coagulum, with its supernatant liquid of about 100 c.c., were added 
fifteen drops of concentrated ammonia, and complete solution was thus 
brought about. This solution was examined in the polarimeter, and the 
specific rotation of the serum albumin was found to have risen to almost 
5° above that of the undenatured substance. Now, in the case of 
uniUuminated ovalbumin, I have been able to show that the specific 
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rotation is a constant only at the isoeleotrio point (6). If acid be added, 
the value for [«] is increased. If alkali be added, the value is temporarily 
decreased. In order to discover whether this was also a fact with the 
denatured albumin, two or three drops of HCl (20 per cent.) were added, so 
as to adjust the Pn of the solution near to the isoelectric pomt Tlie 
specific rotation rose almost 5° to a constant value of —87 92° in several 
hours. The solution was again made alkaline by means of a few drdjis of 
ammonia and again the value for the specific rotation fell to — 83‘0°. The 
same slow rise to the higlier value was observed as in the case of umllu- 
miiiated ovalbumin. It is to be noted that the fluctuations from —83 0° to 
— 89’6° are around a much higher mean value than the one for undenatiired 
material, —78 6°. The significance of this observation is discussed in a later 
section. Table VI gives the data in detail 


Table VI.— Optical Rotation of Denatured Serum Albumin 


Time 

interral 

Solution 

' 

Temperature 

Ph 


[«]h 


Original 

15 

5 6 

-2 71 

-78 6 

— 

Denatured 4 NH, 

14 2 

7 4 

-2 88 

-88 3 


„ +HC1 

15 

6-4 

-8 01 

-87 1 

6 hours 


16 

5 4 

-8 04 

-87 9 

12 hours 


14 6 ' 

5 4 

-3 Ot 

-87 9 

5 mins 

+NH, 

15 1 

7 8 

-2 87 

-88-0 

2 days 


16 

7 8 

-2 95 

-85 8 

3 days 


14 6 

7 8 

1 -3 09 

-89 4 

1 day 


U 5 1 

7 0 

-8 10 

-89 6 

1 day 1 

1 

14 2 1 

7 0 

-8 00 

-89 4 

__ 

Concentration 

of serum album 

ID, 8 46 per 

cent 


_ 

Tune of previous exposure to 

unlight, 2 hours 



(B) Viscosity ami Surface Tension . — A solution of ovalbumin, three times 
reorystallised and dialysed free from sulphate, was used in the following 
expenments. Changes in viscosity were measured by an Ostwald viscosi- 
meter immersed in a thermostat kept at 20° G. and regulated so that the 
temperature was constant to 0T°; 5 o.o. were used fur a determination, 
measured by means of a calibrated pipette. 

The surface tension was measured by means of a Traube stalagmometer 
(Glerhardt No. Ill), standardised by distilled water and found to give 
37'10 drops. The instrument was aocurate to 0*05 of a drop. It should be 
pointed out here that m such a measurement the tension measured is between 
air and the dispersion medium, not between dispersion medium and disperse 
phase. Any change the latter might undergo, however, would very probably 
be shown in the former, though not of necessity. 
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The results obtained as shown m Table VII indicate very small ohi^nges 
It IS well to point out that the amount of albumin undergoing change is very 
small relative to the amount present This I have repeatedly shown by heat 
coagulation of the remaining solution at its isoelectiio point The arc light 
was used in this experiment and the solutions exposed in glass spectroscope 
boxes 


Table VII — Effect of Ilhimination on Viscosity and Surface Tension 


Fxpoaurehino Vucosity i) x 10* Surface tonsioa i y 


0 

1 6 
8 0 
4 5 


Concentration of OTalbumin 2 10 per cent 


aeoonda I 
10 80 I 11 75 

20 60 ' 12 28 

20 80 12 34 

21 00 12 47 


dr p9 I 

SO 00 ,69 74 

29 10 09 68 

89 60 08 70 

89 70 08 62 


ihere is thus a shght decrease m surface tension (7) and a slight inoreasc 
111 viscosity (17) but the changes are so slight that as a means of followir g 
the rate of reaction they are unsuitable It is, however, significant that 
such changes occur indicating sis they do underlying chemical changes tthile 
the denatured iMirticles remain diapersetl The work is being repeated with 
seium albumin solutions 


Experiment 4 — The Effect of vanotu Substances on the Raie qf Denaturation 
For the following tests a solution of serum albumin twice reorystalhsed 
was used It still contained the mother liquor adherent to the crystals eo 
that there was an appreciable quantity of (NH4)jS04 present (about 1 per 
cent) This solution was quickly affected by sunlight depositing a massive 
precipitate in an hour if the sunlight were intense It was denatured by the 
arc light on 2 hours’ exposure The precipitate was found to be soluble in 
excess water acid or alkali The solution in water or acid could only be 
brought about with precipitates formed quickly and fresblv deposited This 
observation is comparable with that of Michaelis and Bona ( 10 ) on heat 
coagulation of serum albumin If the precipitate forms slowly, its solubility 
in both acid and water is lost I am not able to say whether the resolution 
18 an indication of a truly reversible reaction or whether it merely indicates 
on the part of the colloid the ability to reassume a charge and disperse itself, 
as 18 the case of pure gelatm, about its isoelectric point Michaelis and Bona 
state that in the case of heat coagulation it is a true reversion, but adduce 
no evidence foi their belief In this connection it is interesting to recall the 
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observation of Conn and Ansiaux (11) that if freshly coagulated egg albumin 
be vigorously shaken it is again dispeised and a clear solution results Ibis 
point 18 discussed under the theory of the whole phenomenon 

Ihe effect of adding various substances was tiled on the serum albumin 
solution and control tubes were prepared in each case and kept in the dark 
at the same tempoiature Hectrol}te8 in me derate concentration were found 
to increase the rate of denatviration e g Nad (NH 4 )aS 04 KSCN Traces of 
alcohol acetone and toluene did likewise Glucose and ethei had no apparent 
effect To be in a position to study the effect of vanous substances however 
on the rate of coagulation a quantitative method would have to be dei ised 
From the above expeiimenls it would appear as if any substaiif’es with 
dehydrating power would increase the rate of denaturation I am at pres ut 
working upon this subject 

The Natuie of the light Reaction 

From the foregoing experiments it will be apparent that the reaction 
brought about by sunlight is \ery similar to heat coagulation if not identical 
with it The mam facts associated with the phenomenon of heat coagulation 
may be briefly summansed for purposes of comparison Chick and Martin (12) 
have conclusively demonstrated that under certain circumstances i e when 
the water present is in large excess and the hydrogen ion concentration is 
kepi constant the reaction can be proved to be of the monomolecular order 
The reaction is between protein and water and the effect of temperature is 
merely to accelerate it It has an extraordinarily high temperature coefficient 
and the velocity is influenced by a number of conditions especially acid and 
alkah During coagulation if the reaction be on the acid side of the iso 
electric point hydrogen ions are removed from solution , if the leaction be on 
the alkaline side hydroxyl ions are removed The degree of removal of the 
H or OH ions is dependent on the total concentration of acid or alkali and the 
Ph of the solution Heat coi^latioa of albumin consists of two processes 
(1) a reaction between protein and water (denaturation) (2) the separation 
of the altered protein in a particulate form (agglutination) Prom the 
investigation of Sorensen and Jilrgensea (13) on ovalbumin and of Miohaelis 
and 00 - workers (14) on serum albumin, the maximum flocculation of denatured 
protein has been demonstrated to occur only at its isoelectric point It is 
interesting to note here that Miohaelis and Davidsohn (16) have found that 
the isoelectno point of denatured serum albumin (Ph 6 4) is not the same as 
natural serum alburam (Ph 4 8) Hardy (16) recognised the double nature of 
beat coagulation of e^ white as long ago as 1889 and considered the primary 
change as one of an emulsoid colloid to a easpensoid type which was readily 
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precipitated by small quantities of electrolytes Michaelis endorsed tHi view 
from Ins work on serum albumin Most workers have confined themselves to 
a study of the conditions governing flocculation and the more fundamental 
primary change frmn a natural protein to one which is readily precipitated on 
neutialisation of the charge carried by the particles has been neglected 

The explanation of coagulation generally accepted is due to Hofmeister and 
Pauli They conceive of the primary change as one of dehydration involving 
the internal neutralisation through the loss of the elements of water of 
terminal KHj and COOH groupings From a study of the coagulation of 
casein by alcohol Robertson comes to the same conclusion 

Now lu the change brought about by sunlight there are two reactions The 
fiist change involves a simple chemical one for which the light is responsible 
which causes an increase in optical rotatory power and in viscosity, a decrease 
in suiface tension and a decrease m H or OH ions dependmg on the reaction 
of tlie medium The second stage will only precede if the solution is at or 
near the isoelectric point. It is materially aided by small amounts of electro- 
lytes or dehydrating agents such as alcohol or acetone Under certain 
oiiGumstances the second stage is reversible The explanation would seem to 
he in the abihty ot the albumin to leassume charged ions so long as agglutina- 
tion has not proceeded too far In other words the forces of repulsion of 
siiiiildrly charged ions attached to the colloidal particles are sufficient to 
overcome the adhesive forces of the albumin fioccult It is conceivable that 
in the primary stage not only do we have internal anhydride formation within 
single colloidal aggiegates but that as coagulation proceeds this anhydride 
formation extends to Imkages between two or more colloidal aggregates The 
deteimmation of H or OH ions reveals a diuunution during coagulation 
This can be readily explained on the basis of the amphoteric nature of the 
protein On the acid side of the isoelectric poiut the protein is an acid auU 
must possess some free COOH groupings If these become neutralised, as 
m auhydnde formation the acidity of the solution will be diminished The 
converse will hold true m alkaline solution where NHj groups function as 
basic influences 

The explanation of the pnmary reaction as simply involving an internal 
dehydration seems most reasonable on account of the great number of ways 
m which denaturabon can be brought about Light, heat, mechanical shook, 
undue strain as in the surface of expanding air bubbles, or any marked 
double phase such as is produced by the mixing of two immiscible liquids, 
acidity, alcohol, all these agents bring about a change such that the protem 
becomes insoluble The action of alcohol is interesting in that m this reagent 
we possess one which can bnng about both changes, but that if oonditioua are 
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regulated ouly one will take place Thus it is possible to remove the water of 
solution or solvate water from the oolloidal jiaitiolea bj means of 96 per oeut 
alcohol m the cold Flocculation is thus brought about, as is the case by 
concentrated salt solutions, which is reversible and not accompanied by the 
change called denaturation If, however, alcohol be added to a protein solution 
in like manner, but at 30° C, then the power of alcohol as a dehjdrating 
agent appears so augmented tliat not only does it remove solvate water, but 
also may be pictured as inducmg internal anh} dnde formation (denaturation) 
The precipitate thrown down is irreversible In the case of mechanical 
coagulation, the phenomenon is much more readily produced if a dehydrating 
agent is present in quantity It would be interesting to know if it would 
occur at all should every trace of electrolyte be removed from the solution 
From the above discussion, it would appear that the rdle of light as a 
coagulating or denaturating agent is similar to that of heat — a catalyst of 
the primary fundamental chemical reaction That certain substances can aid 
or hinder its action is very probable from preliminary observaiions Certain 
it IS, from the results of Experiments 3 and 4, that serum albumin is many 
times more sensitive to light than ovalbumin In this connection, it is 
interesting to note that the purest serum albumin solutions still contained a 
minute amount of pigment I am unable to say whethei the greater 
sensitivity of serum albumin was or was not due to its influence 

SUMMAIU 

Serum albumin and ovalbumin which have been several times recrystal 
Used become sensitive to intense light, either sunlight or strong arc illumina- 
tion, from which the infra-red and ultra violet rays have been removed 
Serum albumm is many times more easily affected than ovalbumin 

The change brought about by light has many of the characteristics of heat 
coagulation It consists of two separate reactions (1) denaturation — a 
primary chemical change , (2) flocculation— the precipitation of denatured 
particles 

The primary reaction is accompanied by mcrease of viscosity and optical 
rotatory power, and decrease of surface tension The velocity of the primary 
change is increased both by acids and by alkalies During the i-eaction, 
H ions are removed if the Pn be on the acid side of the isoelectric point , if 
on the alkaline side, OH ions are removed 
The secondary reaction does not follow if the solution be free from 
electrolytes It is brought about by adjusting the solution to about the 
isoelectric point of the albumin, Pn 48-5 4 Under conditions when the 
precipitate is formed readily, it will go baick into solution on the addition of 
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acid or excess water. If the precipitate is formed slowly, it is only diaperaed 
by alkah. 

Certain substances act as accelerators for the reaction, such as alcohol, 
acetone, (NH 4 )iS 04 , NaCl, KSCN. The mechanism of the reaction is 
discussed. 

In conclusion, I wish to take this opportunity of expressing my thanks to 
Prof. F. G. Hopkins for much kind criticism and encouragement 
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I INTEODUCTION 

In aeries of previous memoirs* I have discusse I the phyllode theory of 
the Monocotyledon ous leaf both in general and in relation to a number 
of special cases In the present paper I propose to consider the Palms 
with a view to determining whether their highly peculiar leaf structure is 
open to interpretation on the hues whioli have s iggeste 1 themselves in the 
course of my study of other families in which the leaves are less obviously 
anomalous 

The mature Palm leaf consists of a closed basal sheath (sometimes 
continued upwards into an ochrea) a leaf stalk and a 'limb which may be 
of palmate or pinnate form the fan and feather types of limb grade 
into one another the distinction depending only on the degree of elongation 
of the median rachis The Fan palms diffei from the Feather palms in one 
further point on which great stress is sometimes laid — namely that they 
boar small excrescences at the base of the limb Tlie outgrowth on the 
ventral side is the so called hgule less frequently a correspondmg but 
smaller structure known as the dorsal scale occurs on the opposite side 
The morphological value of the various members which constitute the 
Palm leaf will be discussed in a later section of this paper (pp 267-60) 

It has long been known that the compound appearance of Palm leaves 
IS the result of secondary changes and that these leaves are thus not truly 
equivalent to the divided or compound leaves of Dicotyledons Nearly 
* Arb«r, A (1921), and earlier papen there cited 
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a century ago, A. P. de Candolle* pointed out that the young;^ leaves of 
Palms are entire, and that it is only subsequently that they become torn 
into thongs (“ ddchir^es en lani^res ”) , the segments are thus merely pseudo- 
lobes (“ prdtendus lobes ”). De Candolle emphasises the fact that, though 
the idea of cutting (“ dt'coupure ”) enters so largely into the technical 
language of loaf-descnption, it is only to the Palms that such terms c^n be 
applied with literal exactitude. 

Subsequent workers have carried back our knowledge of Palm leaves to 
the earliest stages in their developmental history. Von Molilf Kar8ten,J 
and Ti6cul,§ m the middle 3 ears of the nineteenth centuiy, followed the 
course of their entogeny, and attempted to trace the stages passed tiirough 
by the leaf-rudiment between its origin and that curiously plicate phase 
which 18 succeeded by the ultimate subdivision into separate segment.?. 
About forty years later, the subject rccened renewed attention, principally 
from Eichlerll and Naumann ,f the work of Eichler remains, even to the 
present day, the standard account of the development of Palm leaves. 
More recently, Deinega** and Hirmerff have returned to certain aspects 
of the question which the earlier workers had left in some obscurity. 

A study of the literature shows that, though there is essential unanimity 
as to the manner in which the simple leaf-limb splits into its ultimate 
pseudo-compound form, there are, on the other hand, marked differences 
of opmion about the history of that early developmental period which precedes 
the actual subdivision of the leaf. All workers are agreed that, at an 
extremely eaily stage, the upper part of the leaf-rudiment shows a series 
of deep furrows alternating with ridge.s, which give it an apparently plicate 
form But authorities differ as to the mechanism by which this plication 
is brought about One school has maintained that there is actual splitting 
of the leaf-tissues (von Mohl, Tr 4 cul, Naumann), while others hold that only 
folding takes place (Karsten, Eichler, Deinega, Hiriner). The discussion 
of these conflicting views will be postponed until after I have described my 
own observations on the ontogeny of the Palm leaf. 


• Candolle, A. P. de (1887). 
t Mohl, H. von (1845). 

I Kanten, H. (1847). 
g Tr6cul, A. (1863) 

II Eichler, A. W. (1886). 
t Naumuin, A. (1867). 

Deinega, V. (1888). 

ft Hirmer, M. (1018) , tee this paper for further references. 
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ir Thb Ontogeny of ihe Palm Leaf 
1 The Plwated Limb 

III my study of the Palms I have n t conhne 1 myself to genera whose 
leaf development has hitherto remained undescribc i but I have examined 
every example of which I could obtain material because I fmnd that as 
my standpoint differed somewhat from that of previous workers the 
existing descriptions did not settle tl e qutsUons with which I was pai 
tioularly conceined I have followed the mode of levelopment of the young 
leaves m repiesontatives f four of the five sub families of the Palms but 
in the case of the fifth group — the anomalous 1 hytelephanteee {N pa an I 
Phytelephaa ) — I regret that I have been unable to obtain material Most 
of my observations relate to the ontogeny of the leaves of stedhngs of 
various ages because it is almost impossible in this country to procure 
many apical buds of fully developed Palms The plumular leaves are 
generally of simpler form than the leaves of the mature plant but there 
IS no reason to suppose that they differ from them in any essential respect 
in the early stages of ontogeny 

The species which I have examined are distributed as follows among the 
different tribes — 


I CORTPHINE^ 

Phcemcese Phoenix canarunsie Hort P daxtyhfera L P 

Rimeii Hort 

Sabaleas Chai ceiops humilis L 

Pntchar ha JUi/era Lind 
Jthapvt humilis Blume 
Thrxnax excelsa Lodd 

Trachycarpus {Chamceropa) txcelaua H Wendl 
T (C) Fiyrtumi H Wendl 


II BORASSlNEifi 
Borasse'u 

III LEPIDOCARYlNKiB 

Calameffl 

IV CEROXYLINBiB. 

Arecinese 


Cocoinese 


Latania Commeiaonn J F Gmel 

Doemanoiopa {Codamua) mdanochoetea Blume 

Ai eca aapxda Soland 
Bentinckia ntcobartca Beco 
Howea Belmoreana Beoo 
Oreodsxa regia H B et K 
Cocoa Bomamoffiana Cham 
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I find that in all these species — Ean- ami Feather-palms ^like — the 
mechanism of development of the plicated or lamellated limb follows 
essentially the same lines. For the sake of brevity, I will limit myself 
to three cases as examples. In the Fan-palm, Trachycarpm Fortunn 
(fig. 1, A-F), the second pliimiilar leaf, examined at a Very young stage,, 



B C O E F 


Fio 1 . — Trachycarpm Fmtunei, H Wen<ll Seiiea of transverse sections from below 
upwards through the second plumular leaf of seedling ( x 23). (Sections cut by 
Miss Ethel Sargant ) Fig 1, A, sheath j fig 1, B, petiole , fig 1, C-E, process 
of invagination , fig 1, F, hnal form In fig. I, E, the grooves are numbered in 
the order of their appearance [Thioughout figures— xylem represented black , 
phloem, white , fibres, dotted ] In this figure only pt incipal bundles included 

was found to have at the base a closed sheathing region (hg. 1, A) , this 
was succeeded by the petiole (fig 1, B), an organ of roughly triangular 
outline with a concave upper surface The petiole retained this char- 
acteristic form for a very short distance only (about 20/*), and then the 
lamellate structure was rapidly reached by the development of a senes 
of grooves penetrating deeply into the leaf-stalk tissue between the 
vascular bundles (hg 1, C-F) In fig. 1, E, I have numbered the grooves 
to show the order of their origin The proeess of grooving is a very rapid 
one, the stages between fig 1, B, and fig 1, E, taking place within a distance 
of about O'fi mm. 



A B c 0 E 

Fio. 2 — Cocoi Fomanioffiana, Cham. Senes of transverse sections from below ^ 
upwards through second foliage leaf of seedling (xl4). Fig, 2, A, sheath; 
fig 2, B, petiole , fig. 2, C-E, stages in invagination 

That development proceeds on the same general principle in both Feather- 
and Fan-palms, is demonstrated by the comparison of fig. 1, A-F, with 
fig. 2, A-E, drawn from the second foliage leaf of Cocoa Rovwnxoffiana. This- 
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senes does not reach high enough into the leaf to show the final form of 
the limb but it may be supplemented by leference to figs 3 A-D which 
were drawn from a set of sections cut from the third plumular leaf of 
another Feather i aim Orcodoxa reqta H B ot K big 1 A shows an 
early stage m the grooving of the petiole this section is interesting for 
comparison with the corresponding stages in the two Palms already 
considered because the first grooves lu this case are more or less parallel 
to the upper surface of the petiole instead of being approximately at right 
angles to it 



tio 3 — Oreodota rtgia H B et K Senes of tia aveise sections through upper 
j art of petiole and limb of third plmiular leaf (first f liage leaf which was 
preceded by two scale leaves) of seeding (xl4) hg 3 A, early stage of 
invagination f petiole 

As we have indicated on p 250 two alternative explanations have hitherto 
been put forward to account for the lesemblance of the young Palm leaf to 
a folded fan (1) that there is a splitting of the tissues and (2) that the 
rudimentary organ becomes folded in the couise of development I find 
it impossible to accept the first f these views since m) observations on 
the arrangement of the elements m the neighbourhood of the giooves 
entirely confirm the conclusion — already drawn by Hirmer* from a study 
of the detailed histology in certain genera — that no actual splitting takes 
place But I am on the otlier hand unable to accept the second view 

which Hirmer himself supports nanielj that the apparent plication is due 

to the folding of an onginally simple leaf ludiinent ( Faltung der ursprung 
lioh einfaohen Blattanlage ) The '^old folding necessarily implies something 
which 18 the converse of the eventual untolding of the blade But no 

process takes place m the leaf rudiment which cau justly be described bj 

such a term I think it will be recognised that the way in which the 
grooves penetrate between the vascular strands as shown in figs 1-3 puts 
the folding hypothesis entirely out of court My observations thus fail 
to support either the splitting or the folding interpretations , but they have 
led me to a third view, namely, that the phcationa originate by invaginatwn 
or in other words by differential growth in the course of which the outer 
* Hirmer, M (19l») 
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cell layers develop nioie rapidly than the inner tissues and consequently 
become wrinkled oi foiled in along certain lines In relation to the 
epidermis alone the word folded might perhaps be admissible but the 
extension of the term to the leaf as a whole cannot be justified It may 
possibly be thought that I am exaggerating the value of a slight distinction 
in laymg so much stress ujon the difference between invagination and 
folding But this distinction is by no means so tnvial as it may appear at 
a casual glance and I believe moreover that the impression conveyed by 
the description of the young Palm leaf as folded has been just sufficiently 
inexact to prevent botanists realising the true morphological nature of the 
leaves of Palms — a subject to which we shall return in a later section of 
this papei (p 260) 

When wo come to analyse the process of invagination more closely we see 
that it must depend in the last resort on a tendency to disproportionate 
rapiditj of growth in the surface layers as compared with those tliat are more 
deep seated And that such disj anty should exist in the leaves is not surprising 
when we realise that the Palm® have undoubtedly a j,eneial tenlency towards 
hypertropliy of the superficial tissues of then vanous organs The results of 
this tendency are witnesse 1 in the non vascular spines which many Palms 
develop on the leaf-raohis and in th squamiform ovanal hairs which in such 
cases as Baphia Ruffia Mart form eventually a woody coat to the fruit The 
comparatively large size of the root cap in the Palms may also be a case in 
ixnnt for the calyptrogen in the Monocotj ledono is root is ‘the only tissue 
which 18 stnctly epidermal Po sibly the iiiteguinental outgrowths which 
ruminate the endosperm in many genera may be regarded as another 
expression of the same ten lenoy while a further exa nple is afforded bj the 
proliferations producing the coiffe of the young leaf — i structure which 
we shall consider in the following paragraph 

2 The Membrane ( Coiffe ) 

It has long been known that the lamellae of the very young leaves of certain 
Palms are connected by a kind of ephemeral membrane — the Hulle Haul 

coiffe or pellicule — so that the limb resembles a closed fan sheathed in 
tissue paper This membrane is ruptured when the leaf unfolds The view 
taken as to the nature of this envelope necessarily depends upon that held 
legarding the origin of the plications To Yon Mohl Tr4oul and Kaumann 
the membrane was a primary constituent of the leaf and represented the 
survival of the superficial tissues which were not involved in the splitting 
which these authors postulated By those on the other hand who behove 
that the plications originate by folding the membrane is held to be a secondary 
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product, since it does not penetrate into the grooves Demega and Hirmer, 
who applied microtome technique to the proltlem of the origin of this 
membrane, conclude that it arises through secondary fusions occurring at the 
angles of the folds of the plicate leaf My observations are entirely in 
harmony with this view, which was also indicated many years ago by Eichler 
In some aerial sections of the plumular leaves of Tr<ichycarpm FuHuati and 
Thrmax excelsa, cut by Miss Ethel Sargant, I have been able to observe 
proliferated epidermal cells occluding the mouths of the invaginations 
(fig. 4, A-C) This occluding tissue no doubt represents the delicate early 



Fio 4.— Epidermal proliferatione in seedling leaves, from sections cut by Miss Ethel 
Sargant. Fig 4, A-C, Thrinax exceUa, Lodd Fig 4, A, transverse section of 
third plumular leaf ( x 47) , mb, median bundle Fig 4, B, mouth of invagina- 
tion marked x in fig 4, A ( x 318) The epidemis and its proliferation, which 
occludes the opemng of the groove, are dotted Fig, 4, C, another occluded 
groove, from lower down in the same leaf (x318) Fig 4, D, Chavuxropt 
Fortunei, Wendt Mouth of invagination occluded by epidermal outgrowth, 
from a transverse section similar to that shown in fig 1, F ( x 318) 

stage of the membrane whicii, later on, becomes so conspicuous a feature of 
the young leaf The condition observed m these two genera thus confirms 
Hirraer’s view, which was based on a study of another genus — Pfuentx It is 
much to be desired that some botanist, working at a tropical station where 
the leaves of a number of growing Palms are available, would give us a 
comprehensive account of the structure and history of the “ coiffe " 

3. Thx Terminal " Qland.” 

Attention was drawn by Baillon* in 1896 to the fact that the first leaves 
produced by a Palm seedling are usually entire and parallel-nerved, and end. 
in " une sorte de glande terminale, appareil exor6teur, dont I’existence est 
passagfere." I have observed this apical structure in the plumular leaves 
of Phetnix dactylifera (fig. 6, A-C) and Priichardia JUifera (fig. 6, D-F). In 
these cases the main'part of the leaf-limb is, os usual, dorsiventral, whereas the 
♦ BaiUon, H (1886). 
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apex IS solid, and cylindrical m section (fig 6, C and F) I have seen, evidence 
of the glandular function which Baillon attributes to this apical region in 



B C O E F 


J" iG 6 — Sohd tips of plumulai leaves Fig 6, A-C, Vhocmx dactyhfera, L Senes 
of transverse sections from below upwards through apex of first foliage leaf to 
show dying out of invaginations (xl4), bundles consist chiefly of fibres 
Fig 6, D-E, PrUchardia //i/era, land Senes of transverse sections thiough 
apex of fiist foliage leaf ( x 14) , fig 6, E, shows that the apex is slightly hooded , 
c, cavity 

the case of Benltnckia nieobaitca, where the tip of a pluniular leaf hore 
conspicuous stomates and contained a plexus of tracheids After cutting 
successive sections of the distal region of these leaves, I have come to the 
conclusion that the solid tip cannot be treated as if it weie a sepaiate organ, 
for it appears to owe its existence merely to the fact that the invaginations 
die out before they reach the distal end of the leaf In PrUchardm JUxfera 
the solid apical part of the leaf is as it were, slightly undercut by the 
termination of the median invagination, so that a minutely hooded apex is 
produced (fig 5, E) The solid tips of the seedling leaves of Pntchardxa and 
Phoenix seem to me exactly comparable with that of such a leaf as Crocus * 
in which, also, the form of the apex is the result of the failure of the grooves 
to leach to the extreme end 

(4) The “Ligule ” and “ Pm sal Scale ” 

The origin of the outgrowths which occur at the base of the limb in the 
Fan-palms and are commonly known as the ' ligule ” and “ dorsal scale,” 
cannot be studied satisfactorily in aeedlmgs, since it is only in the later leaves 
that they arrive at their full development The “dorsal scale” is seldom 
conspicuous, but the “ ligule,” though it is very vanable in size and shape in 
different specie^*, is often a sinking object , fig 6 shows its appearance m the 
case of the mature leaf of Traehyearpm excelsus In order to follow the 
developmental history of these structures, 1 cut serial transverse sections 
through the apical bud of a well-grown slioot of Ehapw humtlu Fig 7, A-D, 
represent the transition from stalk to hmb m one of the young leaves of this 
bud It will be seen that the mvagmations, which are responsible for the 


Arber, A (19*1), fig 67, B, C, p 324 
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■“ plication ” of the limb, fail, at their proximal limit, to reach the epidermis 
■either on the ventral or dorsal side, so that part of the petiolar surface is, in 



Fio 6 — 'I'raehycat'pui ejnceUiu, H Wondl Vcutrai view of junttion of leaf limb 
and petiole to show “ ligiile oi ventral crest, vc ( x 



Fig 7 — Rhapis humultt, Blunie isenes of transverse sections through young leaf 
of mature plant, passing through junction of petiole and leaf limb from below 
upwards (x9, circa) , fig 7, A, top of petiole , in hg 7, B, invagination is just 
beginning and the slightly developed “dorsal scale or dorsal crest (dc) is 
distinguishable , in fig 7, C, the “ ligulo or ventral crest (» c ) u just becoming 
, detached, while in fig 7, D, it is entirely free The asymmetry of fig 7, B and 0, 

IS due to a slight obliquity in the senes of sections 

each case, left overarching the base of the limb This produces the ‘ dorsal 
scale ” at the back (fig 7, B, d c ), and the more prominent ‘ ligule ” on the 
ventral side (fig 7, C, D, i c ) The hooded tip of the plumular leaf of 
Ptttchardta Jilt/era (fag 6, E) is a comparable case on a smaller scale, though 
here it is the distal end of the median invagination which is overarched by 
the ventral surface of the limb I think it will be agreed that the almost 
oup-like form produced in Trachycai piis excelsua by the base of the limb and 
the “ ligule " together (fig 6), is consistent with the view that the “ ligule ” 
merely represents the limiting region of the uninvaginated pioximal part of 
the petiole 

The bearing of the interpietation of the “ligule” and “dorsal scale,” 
which I have just outlined, upon the homologies of the Palm leaf, will be 
considered in the next section of this paper 

III The Morphological Mature of the Palm Leaf 
There has never been any question among botanists as to the nature of the 
sheath which forms the extreme base of the Pdm leef, its hoipology with 
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other leaf-sheaths is obvious In certain Feather-palms (Desrnoncii8,-^alamusy 
the apex of the sheath is continued upwards into the so called ochrea, which 
clearly corresponds to the tubular ochrea of the Polygonacere etc 

The sheath is succeeded by a stalk, for which I have throughout this paper 
used the word " petiole,” but of which the homologies, at least in the case of 
the Fan-palms, are a matter of controversy Domin* takes the view that the 
“ligule”of the Fan-palms is indeed a true ligule, conesponding to that of 
the GramiDe.e, etc , and to the ochrea of the Kotangs , and since ligules are 
always defined as belonging to the leaf-sheath region, he draws the conclusion 
that in the Fan palms the leaf-stalk, which comes below the “ ligule,’ cannot 
be a true petiole, but must be of leaf sheath nature This view cannot but 
seem strained and artificial when one realises that it consigns the leaf-stalks 
of Fan- and certain Feather-palms to different morphological categories 
Gltlck,f who also regards the ventral outgrowth as ligular, steers a middle 
course by treating it as the free apex of an extremely elongated ligule, whicli 
18 fused with the petiole as far as the point of junction of stalk and limb 
This speculation is ingenious, but, as I hope to show, unnecessary 

Both Domin’s and Gluck’s views as to the nature of the “ petiole ” m the 
Fan-palms, stand or fall with the question of the homologies of the “ hgule ” — a 
problem y. hich we must now consider I should like to point out, m the first 
place, that it seems to me that any theory of the *' ligule ” must also take 
account of the corresponding structure which often occurs at the back of the 
leaf, and is known as the “ dorsal scale ” The latter is more variable than 
the " ligule,” and though in some Fan-palms it is scarcely developed at all, I 
have observed lu a Palm, grown under the name of Sabal fdamentoaa, that it 
may roach much the same degree of conspicuousness as the ventral structure 
An inspection of the leaves of this Palm certainly suggests that no explana- 
tion of the origin of the “ ligule " can be accepted which does not also embrace 
the “ dorsal scale " But it is clear that the " dorsal scale ” cannot be ligular, 
since no hgule is ever located behind the leaf to which it belongs, and it seems 
to me highly improbable that the ventral outgrowth should belong to a 
category from which the corresponding dorsal outgrowth is necessanly 
excluded 

In a preceding section of this paper I have discussed the ontogeny 
of the " hgule ” and “ dorsal scale," and the evidence there adduced has led me 
to the view that these stnictures have no more claim to be treated as distinct 
organs than have the solid apiceof the plumular leaves described on pp 255-6 
The invagmations of the hmb, in their proximal region, burrow as it were,. 

• Domin, K (1911) 

+ GlUck, H (1901) 



Morphology of the Leaves of Palms, 269 

under the ventral surface of the petiole and to a much slighter extent, under 
the dorsal surface , on the ventral side the penthouse thus produced happens 
to be a stnking object to the eye, and it may possibly become still more 
noticeable by suffering some further elongation after tlie invagination of the 
limb IS completed, but these are not leasons which cm entitle it to rank as a 
morphological entity The conclusion I have reached is that tho“ ligule ’ and 
“ dorsal scale ” belong to the petiole, and are merelj the outcome of the 
peculiar mode of limb development chaiacteristic of the Fan-palms The 
appearance of these structures in the Fan-palms, and their absence in the 
Feather-palms, is due to the fact that in the Fan palms the whole senes of 
invaginations start from the same level, whereas, in the Feather-palms, where 
the plications occur to right ami left of the median rachis, there is no crowding 
together of the invaginations at a single point 

My view of the morphology of the “ ligule ” and “ dorsal scale ” leads me 
to suggest that these terms should be dropped since the structures in 
question have nothing to do either with ligules or with scale leaves , the 
term ligule will then be left for the tubular ochrea of Dcsmoncm, etc, to 
which It rightfully belongs The best substitutes seem to be " ventral crest ” 
and "dorsal ciest," expressions based upon the word ‘ Crista,” already used 
bj Drude* for the “ ligule ’ If my interpietation of these structures be 
accepted, it leads inevitably to the conclusion that the loaf-stalk, both of the 
Fan- and Feathei -palms, is the basal part of a true petiole 

And now, tinally, we have to considei the naliiie of the leaf-limb 
Stnkiiigly different in aspect as arc the mature blades of tjpical Fan- and 
Feather-palms, there is not, morphologically any impassable gult between the 
two types If the median raohis is short or non-existent, we get the " fan ” 
form, w hile, if there be long-continued growth, the ‘ feathei ’ leal is produced , 
the leaves of such a genus as Licucdaf show transitional characters It seems 
possible that the “ fan ” type is the older, since the palmate form predominates 
among fossil Palms, while the Feather-palms are in the majority at the 
present day J But the relative age ot the two types must at present be 
treated as an open question, since they were both apparently m existence in 
the Upper Cretaceous The evolution of the “ feathei ’ from the " fan ” (or 
vice versd) must have occurred more than once in the history of the family, 
since both types ma^ be found among Palms which are regarded by sjstem- 
atists as allied The sub-faraily Coryphoidese, for instance, includes two 
tribes — the Phoeniceec, which are feather-leaved, and the Sabalete, which are 

♦ Drade, O (18^9) 

+ Wefidland, H. (1879) 

1 Unger, in Martiua, K F P von (1883-80) 
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fan-leaved , in the JLepidocaryineic, again, there are two tribes diflenog in the 
same oharaoter — the fan-lea\ed Mauntese and the feathei -leaved Metroxylee: 
These considerations seem to show that the various types of Palm leaf may 
safely be treated as homologous, whether they assume the palmate or the 
pinnate form 

As I have shown on pp 251-4, the plicate limb, both in the Fan- and 
Feather palms, is not, as has hitherto been commonly assumed, the result of 
tlie folding of a flat leaf-blade , it takes its origin on the contrary, from the 
upper region of the leaf-stalk, through a senes of invaginations which penetrate 
the tissues of this organ and elaborate its more or less radial struoture into 
a flattened and perfectly dorsiventral limb My observations on the ontogeny 
thus indicate that the Palm leaf is not, as has been generally supiiosed 
an organ whose structure is almost without a parallel, but that it falls into 
line with the leaves of other Monocotyledons {eff , certain Irids)* 

I thus legard the Palm leaf, as a whole, as a })etiolar phyllode, and its 
blade as a ]>3eudo-laniina, analogous to but not homologous with the blade 
of a Ihcot) ledon The fundamental identity of the loaf of the Palms with 
that of othei Moii(X.ot>ledon8 is, however, soon masked b) secondary fusions 
and, a little later b> the disintegration and tearing into segments, which the 
loaf undergoes m passing to its peculiar definitive form 

IV Summary 

The evidence from ontogenj and comparative morphology, brought forward 
in the present paper, leads to the following conclusions — 

1 The leaf stalk which succeeds the basal sheath, is, both m the Fan- 
and Feather-palms, the basal or proximal region of the true petiole 

2 The " fan ’ or “ feather ' hmb is not, morphologically, a lamina, but 
18 a modification of the distal region of tlie tine petiole The complex 
plication of the limb arises through the development of a senes of invagina- 
tions which penetiate mto the leaf-stalk tissue between the bundles 

3 The “ ligule ” and “ dorsal scale ” of the Fan-paltns are not morpho- 
logical entities, but merely represent the adaxial and abaxial distal margins 
of the uninvaginated proximal region of the petiole The terms “ ventral 
crest ” and " dorsal crest ” are proposed as substitutes fof the terms " ligule ” 
and " dorsal scale.” 

4 The Palm leaf, regarded as a whole, is, on the present interpretation, 
a petiolar phyllode with a pseudo-lamina — a conception which brings it 
into essential relation with the leaves of other Monocotyledons 


Arber, A (1921) 
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Studies in the Fat MUabohsm of the Timothy Grass Sacillus 
By Mar/oey SiKPHENSON Beit Memorial Eesearch Fellow 
and Makcahet Damiikh WntriiAM 

(Communicated by Prof F G Hopkins FRS Received December 14 1921) 
(From the Biothiniical I aboratoiy, Cambridge) 

Studies in fat metabolism have hitherto I een chiefly earned out on highly 
apecinheed vertebrate tissue By making investigations on a unicellular 
organism more susceptible of laboratoiy control two objects weie in view 
(1) to trace the stages bj which the long straight chains of the fatty acid 
molecules are built up Irom the constituents of the nutritive medium , (2) to 
follow the circurastancos and cour'-e of their subsequent bieakdown The 
limothy glass bacillus was the organism selected on account of (1) its high 
content of fat and (2) its relationsliip to the tubercle bacillus any facts 
substantiated by study of the one probably helping to throw light on the 
chemical habits of the other 


Methods ok Cultdkb and Analysis 


The medium employed contained inorganic salts in the following pro 
portions — 


Potassium phosphate (KJHPO 4 ) 
Magnesium sulphate (MgSO« 7HaO) 
Ammonium phosphate (AmaHP 04 ) 
Calcium carbonate 


0 1 gnu per 100 c c 
0 07 
04 

excess 


together with traces (about 0 006 grm per 100 cubic centimetres) of sodium 
chloride introduced when the organism was sown 1 he calcium carbonate was 
used to maintain the Pn of the medium at a constant value namely, about 
8 0 The ammonium salt formed the only source of nitrogen The source of 
carbon vaned with different experiments and will be discussed later , nothing 
more complex than glucose was employed 

Various types of culture vessel were tned but the only one with which 
we weie able to attain any degree of success was the Roux bottle Attempts 
were made to use flasks or laige bottles with rubber stoppers fitted with 
dehvery tubes through which samples of the medium could be withdrawn at 
intervala Numerous attempts all proied completely unsuccessful for the 
following reasons —(1) The organism grows mainly in a scum on the surface 
of the medium If a deep vessel is employed this scum is far removed from 
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the layer of chalk on the bottom which consequently fails m its function 
For this 01 other reasons connected with aeration the growth of the organism 
slows down and comes to a standstill long before 
the organic constituent of the medium is used up H 
<2) The withdrawal of samples by means of delivery Ml 
tubes plugged with ootton-wool proved completely 
unsuccessful When the medium was shaken in 
order to distribute the growth evenly before taking 
a sample tlie scum formed clots or flakes which 
tended to float making it impossible to blow out a 
fair sample of medium through the delivery tube 

The metliod finally adopted was identical with 
that first employed viz culture m Roux bottles 
The bottles each containing about 6 grm of calcium 
carbonate were plugged in the usual way and baked 
for an hour at 1 30“-140° Exactly 150 c c of medium 
were then introduced into each bottle and the set 
of bottles was steam sterilized on each f three 
successive da}8 

The culture was first sown on glycerol ^xitato 
elopes and incubated for four to seven ilays A 
number of teat tubes (6 inch by 1 inch) containing a 
small quantity of clean <>and together with alout 
5 cc of saline were j lugged and autoclaved Into 
one of these the growth fiom the potato slopes was 
removed by a platinum loop The growth from one 
potato slope was sufhoient foi two oi three Roux 
bottles When sutticient giowth had been removed 
to sow the required number of bottles it was 
emulsified 

The emulsification of this organism presents 
difficulties The apparatus shown in hg 1 was 
employed A is a sohd glass club the handle of 
which passes through tnbes 6 and C These are 
arranged to form a mercury seal The rubber 
stopper D is htted into a test tube of the same size 
as those containing the sterile sand and saline, and the whole is wrapped in 
paper and sterilized in an oven at 120®-130° foe an hour Stopper D is then 
removed from the empty tube At the ^ame moment the cotton wool plug is 
removed from the tube containing the organism sand and saline and this tube 


Flo 1 
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immediately replaces the empty one and is cloeetl by stopper Mercury 
(kept undei 5 per cent formalin) is then introduced by means of a sterile 
curved pipette to foim a seal ami prevent contamination of the tube whilst 
allowing sufficient play to the glass rwl The pieces of growth can be ground 
in the sand and a fairly even emulsion formed When this is complete, the 
club and seal are withdrawn with the stopper D and the cotton wool plug is 
leplaced in the test tube after about 26 co of sterile salme have been 
introduced and mixed with the emulsion To avoid sowing a contaminated 
culture the diluted organism was then incubated for 24 hours and sown on 
to slopes of tryptic agar, which medium favours the rapid growth of con 
taminatiug oiganisms After 24 hours incubation the growth on these 
slopes waa examined by the Ziel Neelsen method of staining If satisfactory, 
the original emulsion was sown by means of sterile pipettes 1 c c to each 
Roux bottle We have employed this method for a large numbei of experi 
ments and have only once suffered from contamination which was detected 
on the slopes before the bottles were sown 

The bottles *thu8 sown were incubated at 37° and sample bottles were 
withdrawn at intervals m older to analyse both the medium and the organism 
grown upon it It will bt seen that the success of the experiment depends 
on introducing into each bottle an equal amount of the emulsified culture 
The analysis of duplicatt Roux bottles withdrawn simultaneously shows 
agreement within the limits of accuracy of the analytical methods used, as 
will be shown htei 

Two methods are most frequently used to estimate the amount of growth 
of any oiganism (1) plating out and counting colonies (2) separation of the 
giowth by ceiitiifugmg washing drying and weighing direct Ihe former 
was iinpos«ibl 0 in our experiments owing to the agglutinated character of the 
growth , the latter was equally unsuitable since the growth was always mixed 
with the powdered calcium carbonate employed to control the reaction of the 
medium In our expeiiments, therefore, we regarded the protein nitrogen 
synthesized as a measure of the growth of the organism This protein nitrogen 
was precipitated by colloidal iron and estimated by Kjeldabl s method The 
other characteristic of the organism to be examined was its fat content The 
lipoid material of the bacillus may bo conveniently divided into two 
fraction A is that extracted from the dried oiganism by purified ether , this 
fraction conlams no phosphorus From the residue after extraction of A is 
obtained fraction B, by treatment with boiling alcohol and a subsequent 
second extraction with ether , B contains phosphorus For convenience 
fraction A has been termed the “ fat fraction, B the " phosphatide ’ fraction, 
and the sum of the two ' total lipoid ’ 
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Estimation of Syntliemsed Protein 

The contents of one lloux bottle were washed quantitatively into a beaker 
and made slightly acid with acetic acid , 20 c c of “ dialysed iron ’’ were 
added and the whole heated on a water-bath filtered whilst hot, and washed 
with hot water till free from phosphate The precipitate and paper were 
then transferred to a Kjeldahl incineiating flask and the nitrogen estimated 
in the usual manner Jhe results are calculated to represent grm of 
nitrogen in 100 cc medium, le two thirds of one Rou\ bottle 

Estimation of Lipovts of Eaeillus 

(1) “Fat' — The contents of one Roux bottle (150 cc) were transferred 
cjuantitatively to a 250-co measuring flask and made up to volume They 
were then filtered through a drj pleated filter into a dry flask and the filtrate 
was set aside foi estimation of the constituents of the medium The 
precipitate consisting of the insoluble constituents of the medium together 
with tlie agglutinated bacteria was transfeired on the filter paper to a dish 
and dried in an atmosphere of nitrogen at about 97° The final stages of the 
drying were carried out in vacuo The filter paper and dried contents were 
then transferred to a Soxhlet extractor and extracted with ether (purified 
from alcohol and aldehydio substances) The extraction flasks employed, of 
about 150 c c capacity and about 35 grm in weight were fitted to the 
extractor with ground glass joints, in order to get good quantitative results 
After about 8 hours extraction the ether was distiUed off and the flask dried 
in nitrogen and later in vacno at 97® The extract thus obtained represents 
the ‘ fat ’ fraction described above 

(2) “Phosphatide — The Soxhlet thimble and contents were then trans- 
ferred to a wide-mouthed extraction flask fitted with a condenser To this 
about’ 30 c c of alcohol (previously distilled from caustic soda) were added , 
the alcohol was boiled on a water-bath for 20 minutes and then distilled off 
and the flask and contents dried in an atmosphere of nitrogen The small 
amount of material which had dissolved out of the thimble was then washed 
back with ether and the thimble and contents were returned to the Soxhlet 
extractor, a second extraction was then made with ether and the flask dried 
and weighed as before This extract is the ‘phosphatide ” fraction referred 
to above 

No detailed chemical examination of those fractions has been made, but it 
has been shown that the “ fat " fraction contains no phosphorus, whilst the 
“phosphatide” fraction coutams a small but fairly constant quantity 
(estimated by Neuman’s method) Both fractions weie tested for nitrogen bjr 
Kjeldabl’s method traces (below 1 per cent ) were found in both fractions 

vou xciu — B u 
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Phosphorus Estimation. 


Weight of “ plioiphatide " fraction 1 Mgrni of 

1 Percentage of 

taken , in grm 

phosphorua found 

phoephonia 

0 0280 

, () 346 

1 23 

0-0264 

0 862 

1 84 

0 0240 

1 0 270 

1 12 

0-0241 

0 270 

I 12 


Nitrogen Estimation. 


Weight of lipoiU taken , ii 

igrm 1 Mgrm of 

“ 1 nitrogen found 

1 Percentage of 

0-1126 (“fat") 

0 980 

0-78 

0 1260 (“ phosphatide 

”) 0 828 

0 73 


Probably both fractions are complex mixtures of lipoid bodies similar to- 
those obtained from the tubercle bacillus [Goris, Goris and Liot, 1920 (1)]. 
The two are treated separately m this reseaich on account of the absence of 
phosphorus in fraction A and its presence in fraction B. 

Analyau of the Medium. 

As described above, the contents of one Eoux bottle (160 o,o. of original 
medium) were made up to 250 c.o., from which the agglutinated bacteria and 
solid mineral matter (chalk, etc ), were then removed by filtration. The 
filtrate was then analysed for glucose or other carbon compound present. 
Glucose estimations were carried out on 6 o.c. of the diluted medium by the 
method of Wood-Ost [Wood and Berry, 1903, (4)]. Ammonia was estimated in 
the first and last samples by the method of Van Slyke [1911, (3)], in order 
to ensure that growth of the bacteria had not ceased through lack of 
nitrogen. 

Experiment 1. — Growth of the Bac-Mue in respect of Total Nxtrogen and Lipoids 
on the usual Inorganic Medium, containing as well 1 per unt. Glucose and 
1 per cent. Acetic Acid, added as Sodium Acetate. 

Twenty-five Roux bottles, prepared and inoculated as described above,^ 
were incubated at 37° and bottles were withdrawn at intervals in sets of two,, 
one for the estimation of total nitrogen, and the other for the estimation of 
lipoids and of the organic constituents of the medium. The disappearance of 
aoetio aoid was not followed stage by stage in this first experiment, but it 
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was ascertained that by the time the glucose had been utilised the acetic acid 
had also disappeared. 

The reaction of the medium waa kept constant by chalk, which was spread 
over the bottom of the Itoux bottles , the Pn at the beginning, end, and all 
intermediate stages remained 8'0. This was tested by phenol red, and kindly 
checked for us by the hydrogen electrode by Miss Jordan Lloyd 

The figures given in column 1 of the following table represent the actual 
amounts obtained fiom single Roux bottles (160 c.c each), which were of 
necessity tlie units employed, column II represents the same amounts 
calculated for 100 c c. medium, from which the points on Curve 1 are taken. 
Where estimations were made on duplicate Roux bottles, the figures are 
bracketed. 


Fat Synthesised 



“ Fat " fraction 

" Phosphatide ” 

Total lipoida 

Day of 

Weight 

in grill 

Weight in grm 

Weight i 

egrm 

I 

II 

1 

II 

I j 

ir 

7* 

0 0064 

0 0036 

0-0083 

0 0064 

0 0187 

0-0000 

1 U 

0 0108 

0 01 sa 

0 0181 

0 0120 

0-0870 1 

0-0260 

pi 

0-0899 1 
0 0848 / 

0 0288 

0 0284 I 
0-0280 f 

0 0188 

0 0628 I , 

0 0626 ; 

0-0420 

1 

Organic oona 
0 0179 \ 
0 0*68 f 

tituenta of th 

0 0140 

e medium co 
0 0240 \ 
0 0241 / 

mpletely utih 
0-0160 

Md 1 

0-0419 

0-0601 f| 

0 -0810 

1 88 

0 0146 

00096 

0 0280 

0 0162 

0 0876 

0-0124 

1 ^ 

00080 1 
00006 f 

0 0061 

0 0162 1 

0 0162 / 

0 0106 

0-0261 \ 

0 0247 /I 

0-0170 


* The reiulU obtained on the aeTenth day are too imall relatirely to the ezpeninental error 
to be important They merely aerre to indiotte that growth had begun. 


Protein Nitrogen Synthesised. 


Day of 
expenment 

arm. per 

Roux bottle 

100 0 e medium 

II 

7 

0-006 

0-008 

21 

0 0271 

0 027/ i 

0-018 

28 

0-027 i 

0-018 

86 

0-026 

0-017 


u 2 
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Glucose Utilised. 


D»y of 

Olttoose present j 

Glucose utihsed ; 

exporiment 

grm in 100 c c medium 

grin in 100 o o medium 

0 

0 97 

0 00 

7 

1 00 

0 OO 

10 

0 00 

0 07 


0-68 

0 80 

21 

0 14 ! 

0-83 

28 

. 0 00 

0'97 


Notk — On the 28lh dar the acetio acid alio had completely disappeared 


It is apparent from Curve 1 that the growth of the bacillus, as measured by 
protein nitrogen and lipoids synthesised, reaches a maximum at the point 
when glucose and acetate disappear flora the medium From this jxiint 
onwards, the bacillus utilises its own lipoid material, which rapidly decreases 
It 18 particularly noteworthy that the “ fat" fraction decreases at first more 
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rapidly than the “ phosphatide ’ fraction, until an equilibrium is established 
in which the ‘ phosphatide ’ fraction is maintained at the higher value 
This suggests that the ‘‘fat fraction represents a fonn of stored food 
material which is drawn upon when external sources of caibonaceoiis food 
material fail whilst the ‘ phosphatide ” fraction which decreases less rapidly 
IS probably partially comiwsed of some unit essential to the chemical struc 
ture of the cell The duplicate determinations of the fab ” fraction on the 
twenty eighth day show a wide variation This is in the period of rapid 
utilisation of stoied fat A slight retardation of the point at which maximum 
growth was attained and utilisation of fat began would result in a large 
observable difference at this point 

The results of starvation thus show that the fat metabohsm of the higher 
animals has its prototype in this micro organism 

It also appears from the curve that the protein nitrogen decreases very 
slightly during the first fourteen days of starvation, the drop between the 
twenty eighth and thirty sixth day being actually within the experimental 
error The bacillus thus seems to preserve its protein mateiial intact It 
must be remembered, however that throughout the experiment ammonia 
was present in the medium , the bacillus may therefore have broken down 
coll protein as well as lipoid material, and have reconstituted the former 
from the ammonia of the medium and the fatty acid chains of the lipoids 
Unfortunately no material was available for a final protem nitrogen estimation 
on the sixtieth day 

It will be noticed that there is a small but definite growth of bacillus 
on the seventh day of the expenment, while the glucose is apparently 
untouched We have confiimed this observation repeatedly in experiments 
where glucose forms the only organic food material It may have its ex- 
planation 111 the small amount of food material earned over from the potato 
slopes, or it may be that in the initial breakdown of the sugar molecule a 
small quantity of a reducing body accumulates which is erroneously 
estimated as glucose, such a body has been searched for but not as yet 
found ' 

Durmg the course of the foregoing experiment, in 100 c.c of medium ap 
proximately 1 grm of glucose and 1 grm of acetic acid (as acetate) dis- 
appeared, together with certam unascertained quantities of mineral material 
and ammonia Their place was taken by 0 018 grm of protem nitrogen, 
corresponding roughly to 0 1 grm protein, and 0 041 grm of mixed lipoid 
material 

In a similar experiment in whmh glucose was the sole organic constituent 
of the medium, 1 grm of glucose gave nse to 0 0189 gim of protein nitrogen 
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and 0 028 gim of lipoid matenal In an experiment suoh as th^atter it 
was hoped that some intermediate products in the change from glucose 
to fat might be isolated and experiments with that end in view were 
made 

Fx^ieriinent 2 — Search for Intermediate Produets 
Five Roux bottles in all 760 c c of medium containing the usual inorganic 
salts with calcium carbonate and 1 per cent glucose were inoculated in the 
usual way and incubated for fourteen days Tl c total contents of the five 
bottles wore made up to 2 000 c c and filtered The glucose was estimated 
in the filtrate and was found ti be 0 11 per cent (calculated on the original 
medium) 0 89 per cent glucose had thus disappeared from the oiigmal 
1 per cent The medium still had its oiiginal reaction Pu 8 Half tl c 
filtrate (corresponding to 375 cc of the original medium) was steam distilled 
first fiom neutral solution The distillate was collected in cold water in 
fractions and examined for lo loform producing bodies a slight lodotoini 
reaction was obtamed from the listillatc collected during the first five minutes 
but none from subsequent fractions The icdoform could only be detected by 
the smell no visible precipitate was obtained 
The residue in the distilling flask was then acidified with phosphoric acid 
lud again steam distilled the distillate being collected in standard 0 IN 
baryta (50 c c ) At the end of 1^ hours the distillation was stopped and 
the baryta back titrated with hydrochloric acid using phenol phthalein 
The difference gave the acidity due to \olatile acids and carbonic acid of 
which a considerable quantity had come over Ihe carbonate was then 
filtered off washed transferred to a flask mixed with 50 c c 0 IN IICl an 1 
boiled under a reflux condenser fitting into the neck of the flask The residual 
acid was back titrated with baryta Ihe results from 376 cc of the original 
medium were as follows — 

Carbonate and volatile acids 36 2 cc 0 IN baiyta 

Carbonate alone 29 4 0 IN 

Volatile acids 6 8 0 IN 

Calculated as acetic acid this is equivalent to 0 011 per cent acetic acid in 
the original medium The residue from the steam distillation of the total 
medium (760 cc) was evaporated on a water bath to about 150 cc Altered 
and the filtrate extracted with ether in a continuous extractor for 24 hours 
The solid matter was dried and extracted in a Soxhlet apparatus The 
ethereal extract from the liquid extraction contained no solid organic acids 
The aqueous residue left after the evaporation of the ether was tested for 
lactic acid by Hopkins' thiophene test lactic acid appeared to be present in 
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traces, but this could uot be established with certainty owing to the rapid 
darkening of the solution by easily charred matter No solid material was 
obtained from the Soxhlet extiactor 

These results weie confirmed by two other experiments slight variations 
only being obtained in the amount of volatile acids distilled over It seemed 
thei-efore that, under the conditions prevailing in these expeiiments, inter- 
mediate products in the breakdown of glucose accumulate only in such traces 
that attempts at identification are hopeless 

Experiment 3 — An Attempt to Obtain Fernuntation apart fiom th Orowih of 
the Uif/aimm 

Six Eoiix bottles were filled with a medium coutaimng the usual inorganic 
salts and 1 per cent glucose From six otherwise exactly similai bottles the 
ammonium phosphate was omitted Iheso twelve bottles were sown more 
thickly than usual with the emulsion of the bacillus At the end of fourteeen 
days the sugar in the buttles containing no ammonia was estimated and 
found completely untouched, whilst that in the contiol bottles had dis 
appeared in the nuinial mannei It thus appeals that under those conditions 
fermentation does not occur apait fromgiowth which in its turn is deiiendent 
on a supply of nitrogen 

Direct attem[iCs at isolation of mteimediate products having failed, 
indirect evidence was sought by growing the oiganisrn on pomble inter 
mediate products in the breakdown of the sugar molecule, m order to 
ascertain (1) whethei the organism was capable of utilising and growing 
on the intermediate products , (2) if giowth took place, how the forma- 
tion of fat was affected 

The formation of protein nitrogen (piecipitated by colloidal non) was 
taken as a criterion of growth, the lipoids corresponding to the nitrogen 
synthesised at each peiiod being separately estimated as previously described 
At the point of maxinium lipoid foiniatum (eg point P, curve 1), the 
growth of the organism was considered to have attained its maximum, and 
at that point the hpoid formation was compared with the protein nitrogen 
synthesised 

Experiment 4 — Orowth mi, and Utilisation of, iMctic Acid 

A senes of Roux bottles was started in the usual way containing the 
usual inorganic salts and also 0 68 per cent lactic acid (dl) added as sodium 
lactate. Sample bottles were withdrawn at intervals and analyses of the 
organism carried out as in Experiment 1 Lactic acid was estimated in 
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26 0.0 Bample.s of the diluted medium by the extraction method 3t Hopkins 
and Fletcher [1907, (2)], and weighed as zinc lactate 

The disappearance of lactate from the medium and the synthesis of total 
lipoids 18 summarised below and shown graphically on Curve 2 


Lactic acid preaent , 
grm in 100 c o of 
medium 



0 68 
0 66 
0 18 
0-01 
0-00 


Lactic acid utiliaad , 


0 00 
0 02 
0 66 
0 07 
ToUl 


0 00 

Not estimated 
0-014 
0-016 
0 014 


(Jrm nitrogen synthesised per 100 c o on 10th day, 0 018 



It will be seen from the above that the organism readily used lactic acid as 
its sole source of organic food material, and that the course of its growth 
does not differ materially from that on glucose and acetic acid already 
established. Similar results were obtained when the lactic acid was added 
in the form of calcium lactate. The relationship between the total lipoids 
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formed and the total protein nitrogen at the pomt of maximum growth will 
be discussed later 

Experiments — Giovfhon und l/hlisaltwi J i retie And 

Roux bottles containing the usual inorganic salts with OS per cent acetic 
acid as sodium acetate were steam sterilised an 1 sown in the usual way 

Estimation of the Acetir Acid — Tlie cintents of one Roux bottle (160 cc 
of original medium) were made up exactly to 2^0 cc hltored through a 
dry filter into a dry flask and the acetic acid then estimated by distillation 
of 20 cc acidified with phosphoiic acid The usual method of estimating 
acetic acid by steam distillati m was found unsatiafaLtory The amu int of 
distillate which must he collected 1 efore the acetic acid has completely come 
over IS at least 2 000 cc this contains hrge and variable quantities ot 
carbon dioxide which must be sepaiatelj estimated by collecting tho dis 
tillate in excess standard baryta in iitrahsing tlu excess with standaid 
hydrochloric acid hlteiing off and separatel} estimating the barium car 
bonate Tlie whole process takes between Ihiee and four hours aud „ive8 
moreover very variable and unreliable results InsUad a modified procedure 
was adopted 

The distillation of tho acetic acid wis cairied out in vicuo The apparatus 
used was identical with that described by Van Slyke (/or cit ) for the estima 
tion of ammonia except that in place of the second smallei distilling flask 
a thick walled filtering flask was found raoie convenient 10 c c of diluted 
medium (oi an amount containing from 006 to 0 1 gim of acetic aci 1) was 
placed in a Claissen flask of 300-400cc capacity fitted with a capillary 
tube in the first neck and a tap in the seemd neck Tlie liquid was 
acidified with four oi five drops of saturated phosphoric acid An equal 
volume of 95 per cent alcohol (previously distilled from caustic soda) was 
added An exact volume (about 25 cc) of OIN baiyta was run from a 
burette into tho distilling flask and the filteiing flask and the capillary 
tube was adjusted to dip beneath the surface of tho liquid The contents 
of the Claissen flask were then distilled in vacuo (10-16 mm ) and the 
distillate collected in the baryta in the cooled receiver any escape of acetic 
acid being prevented by the baryta in the filtering flask The distillation 
was continued until only about 1 cc of liquid remained in the Claissen 
flask The temperature durmg the last five minutes should be at least 
60° When the distillation was complete air was admitted by the capillary 
and by opening the tap in the second neck of the Claissen flask, 20 cc 
of 60 per cent, alcohol were then poured into the flask and the distillation 
repeated as before care being taken that the temperature of the water>bath 
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reached 60° for at least five minutes. The apparatus was then d^connected, 
the baryta carefully washed into the filtering flask, and the excess titrated 
with standard hydrochloric acid. A small and variable amount of barium 
carbonate was always piesent and was separately estimated The neutralised 
liquid was filtciod, the solid (baiium carbonate) washed twice and then trans- 
ferred into a flask hlted with a small reflux condenser (preferably ground 
in), 10 cc. of 0 IN HCl was then added to the contents of the flask and 
the whole boiled for five minutes under the reflux condenser. The excess 
HCl was back-titrated with baryta. 

The method was tested as follows — 

10 cc of a solution of acetic acid were titrated direct against O’lN 
baryta, using phenol phthalein , 10 oo. of the same solution of acetic acid 
were distilled into baryta as described above, and the results compared. The 
following are tlie figures for the distillation — 


1 

1 

C 


K 

F 


Cc 

acetic and 

Cc 

0 IN , 
l(a(OU), 

i 

Cc 

0 IN 
HCl uced 
for bock 
UtraliuD 

0 IN 
Ba(Oll).. 
neutralised 
by acetic 
acid and 
CO,[B-0] 1 

Cc 

0 IN 
Ba(OH). 
neutralist 
by CO, 
only 

Cc 

0 IN 
Ba(OH), 
neutralised 
by acetic 
acid fU-KJ 

of acetic 
ooid in 
solution 

10 1 

20 S 

2 6 

1 23 2 

0 7 

I 22 6 

1 86 1 

10 

26 4 

1 6 

1 28 8 

1 4 

1 22 4 

1 


10 c 0 of ikcetic acid I itrated direct 22 1 c.o 0 IN Ba(OH)i 

10 c c acetic and contain 0-183 grm =» 1 38 per cent compared with 1 -86 and 1 84 by 
the distillation method 


The disappearance of acetic acid from the medium is summarized below, 
and shown graphically on Curve 3 


Day of Acetic acid prearnt , Acetic acid utdieed , 

experiment , grm m 100 c c of medium | grm in 100 o c of medium 


0 00 
0 04 
0-07 


0 58 
0 49 
0 40 


The growth of the organism was too small to admit of accurate estimation. 
From this it appears that, in the conditions holding m this experiment, the 
organism suffers from almost complete inability to use acetic acid as a source 
of organic .food material. The slight disappearance of acetic acid is pro* 
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bablj duo to a small amount of oarbohydtate came I over from the potato 
slopes (see below) 



( UKVy 3 


Since it hu) been shown in earlier experiments that no acetic acid lociimu 
lates during the growth of llu organism on glucose and «ince acetic acid 
has been shown by many workers to be a frequent intermediate product in 
the breakdown of glucose by bacteria it setmod worth while to ascertain 
whether the presence if other sibstances might not confer on the limothy 
grass bacillus the power of utilising this compoun 1 

Experiment 5 — Utilisation of Acetic Acid in the pieience of lactic And 
01 of Glucose 

Sixteen Eoux bottles containing the usual inorganic medium with 1 per 
tent lactic acid (added in the form of calcium lactate) and 0 5 per cent 
acetic 8Kjid (added as sodium acetate) were treated as described in Expen 
ment 1 Acetic acid was estimated on 20 c c of the diluted medium It 
was found that a correction had to be introduced owing to a small constant 
amount of lactic acid distilling over with the acetic acid The amount of 
the correction was ascertained as follows — 20 oc of diluted medium con 
taming 1 2 per cent ot lactic acid only were distilled exactly as described 
above for acetic acid A second distillation of 20 o o of the medium con 
tammg 1 2 per cent lactic acid and 0 5 per cent acetic acid was earned out 
under exactly the same conditions The number of cubic centimetres of 
0 IN baryta neutralised by the lactic acid distilled overm the fiist experiment 
was then deducted from the number of cubic centimetres of baryta neutral 
ised by the lactic and acetic acids distilled over in the second expenment 
The difference gave the number of cubic centimetres of baryta neutrahsed by 
the SMsetio acid only It was found that the amount of lactic acid distilled 
over under the standard conditions was fairly constant (corresponding to 
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1 9-2‘l c c. of baryta), and a constant deduction of 2 c.c. of 'baryta was 
therefore made. 

The residue left in the Claissen flask after the acetic acid had been 
distilled off was quantitatively removed and the lactic acid estimated as in 
Experiment 4 The result was, of course, too low, owing to the loss of the 
lactic acid which had been distilled over with the acetic acid (t e , 0‘18 grm 
per 100 oc of diluted medium). A small addition had therefore to be made 
to the results obtained by extraction. 


Utilisation of I.actic and Acetic Aoids present together 


Day of 

Acetic acid present , 

Acetic acid utilised , 

Laotie acid present , 

Lactic acid utilised ; 


gT*m per 100 o c of 

grm per 100 c c of 

grm per 100 c. t ot 

grm per 100 e o of 

ment 

medium 

medium 

medium 

medium 

0 

0 41 ! 

0-00 

1 22 

0 00 

4 

0 16 I 

0 26 

1 16 

0 07 

7 

0 ■066 

0 866 1 

0 94 

0 28 

18 

0-00 

0’4l 1 

0 6S 

0 64 

28 


1 

0 32 

_ 

0 90 


Two similar experiments were carried out with 1 tier cent, glucose and 
1‘5 per cent and 0‘7 percent, respectively of acetic acid (added as potassium 
acetate) 


Utilisation of 1 per cent Glucose and 1'6 per cent Acetic Acid present 
together 


Day of 
eipen- 
meat 

Aoetio acid present , 
grm per 100 c c of 
medium 

Acetic acid iitiksed , 
grm per 100 o c of 
medium 

Glucose present , 
grm per 100 c o 
ot medium 

Oluoose utilised ; 
grm per 100 e o 
oi medium 

0 

1 49 

0-00 

0 98 

0-00 


0 18 

1 1 81 

0 21 

0 77 

18 

0 14 1 

1 1 86 

0 12 

0 86 

Utilisation of 1 per cent glucose and 0 *7 per cent acetic acid present together. 

0 

0-72 

0 00 

0-96 

0 00 

14 

0 08 

0 64 

0 29 

0 66 

18 

0-09 

0 68 

0 22 

0 78 


The above tables and accompanying graphs (Curves 4 and 6) show that, in 
the presence of lactic acid, or of glucose, the organism is capable of utilising 
the lactic acid completely. 
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Influence of Diet on the Chemical Composition of the OfiOANisji 
Having obtained growth on media with various organio constituents, it is 
of interest to notice what influence these substances have on the proportion 
of lipoids to nitrogenous material, m the organism The graph illustrating 
Experiment 1 shows that the lipoids and synthesised nitrogen rise to a 
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Fio 9 —Diagram showing tbs influence of diet on the chemical compoeition of the Timothjr 
grass bacillua 

Black blocka repreeent grams of nitrogen synthecued per 100 c.o. of mediam Shaded blocks 
represent grams of bpoid sjnthesised per 100 o.e of medinm 
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acetic acid is added to a glucose medium (lig 2 — 4 and 6) , the added acetic 
acid does not affect the nitrogen synthesised (0 01 8 grm in both cases) whilst 
the ratio of lipoids to nitrogen rises from 1 '58 to 2 34 

It seemed possible that this result might not be due specifically to the 
acetic acid, but might be caused by the greater concentration of organic food 
stuff in the medium Experiments made on 0 68 per cent and 1 4 pei cent 
of lactic acid (fig 2 — 1 and 2) and on 1 0 per cent and 2 0 per cent of 
glucose (fig 2-— 6 and 7) show that this is not so Increased concentration 
of food in each cose results in an increased production both of synthesised 
protein and of lipoid material n increased general giowth llie production 
of protein is favoured rather more than that of fat, as is shown by the ratio 
of lipoids to nitrogen 

The mability to use acetic acid in the absence of carbohydrate or lactic 
acid forms at first sight an analogy to the inability of the higher animals to 
use fat in the absence of a minimum of carbohydrate Jirom this analogy,, 
the authors were led to grow the bacillus on the sodium salts of propionic and 
butync acids Growth on both these proceeded readily in a manner com 
parable to growth on lactate and on glucose The problem therefore appears 
to be one of some complexity A detailed study of the growth of this 
organism on vanous simple straight-chain compounds is in progress and will 
form the subject of a later communication 

Summary 

The growth of the Timothy grass bacillus on a medium consisting of 
inorganic salts, including ammonia as the sole source of nitrogen glucose and 
sodium acetate, was followed m detail The formation of protein nitrogen and 
fat-^a phosphatide and a non phosphatide fraction) were followed stage by 
stage, and correlated with the disappearance of glucose and acetate from the 
medium Attempts were made to isolate intermediate decomposition products 
of glucose, but none were found 

The growth of the organism on possible intermediate products of the break- 
down of glucose was then studied The growth on lactic acid (as lactate) was 
very similar to that on glucose alone The lactic acid could be completely 
utilised and the formation of protein and fat resembled that on a glucose 
medium Growth on acetic aad (present as sodium acetate) was negligible in 
amount, and the acetic acid was not attacked by the organism A modified 
method of estimating acetic acid is described Growth on acetic and lactic 
acid (acetate and lactate) showed that the presence of lactic acid enabled 
the organism to utilise the acetic, acid Glucose also enabled the organism 
to utilise the acetic acid 
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A compansou of the composition of the growth on these media showed that 
the acetic acid utilised in the presence of lactic acid or glucose seized not to 
increase the geneial giowth of the organism, but to increase the proportion 
of lipoid material foi med This was shown to be a speciho effect of the acetic 
acid and was not nieulj due to greater concentration of caibonaceous food 
matenal 

Experiments were made to ascertain whether the behaviour of the bacdlus 
on other stiaight chain fatty acids resembled that on lactic acid (and glucose) 
or that on acetic acid Growth on propionic acid and on butyric acid was 
like that on lactic acid ? e the organism was able to grow on these com- 
pounds without the addition of other carbon compounds and to synthesise 
both nitrogenous and fatty material 

The authois thanks aie due to Dr Graham Smith for kindly providing a 
strain of the Timothy grass bacillus They gladly take this opportunity of 
expressing their gratitude for the stimulating and encouraging ciiticism 
affoided by Prof F G Hopkins during the progress of this research 
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Recod Curves as Shown hy the Hot Wxre Micwphone 
By Lieut Colonel C B Hbald CBl MD and Major W S Tuckkr 
BF DSC 

(Communicated by Prof C S Sherrington PRS Received November 16 1921 ) 
[Plates 1-8 ] 

Introilucloiy Ixeinarks 

The bulject mattoi of this paper deals largely with a description of a 
process which in its bearing appertains to physics rather than physiology 
but as the application is entirely physiological it has been decided to submit 
it as a physiological contiibution 

In 1916 one of us (W ST) while at work on the perfection of the hot 
wire microphone which he had invented foi the location of enemy guns 
loahscd tho possibilities of the hot wire microphone for obtaining records of 
the pulse apex beat etc and had actually taken records both from the wrist 
and neck and had shown these to members of the medical profession 

In the same year when one of us (0 B H ) was working upon the 
examination of cadets for pilots certificates in the Royal Flying Corps a 
converted penny in the slot weighing machine was used for recording the 
weight It was noticed that the macbme would not permit an absolutely 
steady reading to be taken, as the point of tho hand was in constant move 
ment Closer observation of this movement showed that it took place in time 
with the heart beat 

The obvious explanation of the movement of the hand was that the 
propulsion of the blood from the left ventricle of the heart towards the head 
dunng the first stage of systole was accompanied by a corresponding oppunte 
movement of the body towards the feet If this assumption were correct, 
then knowmg the weight of the body measurement of the actual distaiKie 
through which it was moved would provide a useful factor in determining the 
efficiency of the heart when regarded as a mechanical pump 

This simple observation with the weighing machine sufficed, however to 
attract attention to the importance of employing the recoil of the body for 
the measurement ot heart efficiency the heart being considered as a pump 
The only previous work along these lines appears to be that undertaken by 
Prof Yandell Henderson (7), who used a swinging table, m which lateral 
movements were prevented by an ingenious device he was thus able to 
VOL. XCIU — B X 
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record upon a smoked drum the movements of the table multiplied hj 100 
His remarks on this table are interesting — 

With such a table the heart beat causes not only longitudinal but 
also lateral movements The latter have not yet been examined in 
detail In fact, it is necessary in order to record the longitudinal move 
monts with accuracy that the lateral movements should be prevented 
It IS also necessary not only that the person under examination should 
lie absolutely still but that he ttop bieathing during the time the ! eart 
heats ai e i ecoi ded Herein indeed lies the chief di&cully of the initsti 
gation for while the total amplitude of the reciil movements is only a 
tenth of a millimetre an I some of the features ol the ciiive amount to 
less than a tenth of this distance resj iration swings the 1 ody through a 
distance of many milhmeties L stly in order to avoid so far as 
possible errois from the table swinging back after ben g moved rut of 
plumb by the recoil a pen lulum period many tunes lon„ei than the 
cardiac cycle was found necessary 

This authoi s comments even with these precautions showed that at least 
three gteat dilhculties arose — 

(1) Periodicity m the recording apparatus 

(2) Errors due to respiiatory mivoments 

(1) Eirors due to the tecords having to be taken when the breatli is either 
held or the subject is blowing on a whistle 

He consideis tliat if these difficulties could be overcome our knowledge of 
the factors controlling the physical efhciency of the cardio \>iscular system 
would be improved 

It appeared reasonable to think that the hot wire mu rophone would give 
faithful re ords without encountering anj of the dittiuultus above referred to 
and at the same time provide a means ot measurement and calibration 

It was realised that if such measurements and calibiation c ml 1 be aocom 
phshed the results would be of value in examinations for determining physical 
efficiency especially in the case of aeroplane pilots 

The lecirding apparatus (fig 1) may be divided into thiee parts — 

(1) The microphones 

(2) ihe galvanometer and timing device 

(3) The photographic apparatus 

It may be here stated that some of this apparatus has already been in use 
in sound ranging of guns but important modifications have been made in 
erder to cope with the special difficulties of the m< thod 




aBd diaphragm C, nucrophone and accessory cylindei , C*, microphone gnd , D, Wheatstone bridge 
thoien giUvanometer F, sonrce of light and tim e wheel O, camera and aatomatic deTeloper , 

H, pulse microphone K, breathmg microphone 
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1 The Microphone 

The hot wire inetrument is specially capable of dealing with low frequency 
vibrations such os those imparted to the human body by the heart It 
consists essentially of two iron drums connected together by a short piece of 
rubber tubing 

Dne of the drums is fixed to the ceiling of the room m which the work is 
done It consists of a oylindei the side of which is about half its diameter 
The platform on which the patient is standing is supported by a hook fiom 
a diaphragm which iorms the circular end of the drum When therefore the 
heart beats cause motion of the bo ly the diaphragm responds thereby altering 
the pressure witliin tho drum in a correspondii g way 
A side tube let into the wall ol the drum permits the passage of air which 
IB set in motion as a result < f these changes Ihis tule is lonnccted 1 y the 
rubber tube above mentioned toa second cylmdei of abjut twice the capacity, 
and having conical ends m one ot which is a fitting containing the 1 ot wire 
microphone grid The an blasts transmitted along the rubbii tube from the 
first drum are passed into the second drum thiough a tube opening and are 
projected past the hot wire gri 1 thereby C( oling the grid and diminishing to- 
a corresponding extent its electrical resistance 
Records of apex beat or cirotul involved tho use of a second microphone, 
simply consisting of an open cup whose nm is of ebonite and whose base 
contains the microphone fitting with its grid and the image of the string ' 
recording theso oflects is thrown on the same lecording strip as the recoil 
curve by means of a right angle prism The cup is pressed w ith its run 
against the chest or neck and the pulse changes arc indicated by air blasts 
passing the grid into the open air (fig 1) 

The breathing microphone (hg 1) consists of a single strand of hot-wire, 
mounted on an appropriate fitting attached to a stem resembling that of 
an ordinary tobacco pipe but with a much wider an channel The 
mouthpiece is held m the mouth and the temperature of the grid is 
simply varied by that of the air or of the breath which passes inwards 
or outwards. 

Periodicity of the breathing is thus indicated A very small electric 
current is used, just sufhcient to indicate change m resistance on the 
galvanometer 

2 The Galvanometer and Timing Device 
The galvanometer employed is of the Einthoven type Body movements 
are measured by deflections of a very fine wire mounted between the poles 
of a strong electromagnet The instrument employed is the Souttar galvano- 
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meter It la less sensitive than the galvanometer used with the eleotro- 
eardiograph apparatus 

The galvanometer used for pulse or breathing records is of the same type 
as the instrument used in the Sound Ranging apparatus It is less sensitive 
than the Souttar galvanometer 

All the records obtained, whether of body movement apex beat or 
breathing, are obtained from one of these galvanometers acting in a 
Wheatstone bridge cmcuit 

The timing device is a rotating toothed wheel, kept in rotation by a 
synchronous motoi and the current which operates it is supplied from a 
circuit containing a contact opened and closed by a vibrating tuning fork 
electrically maintained In this way, the tune-wheel can only rotate at a 
constant speed satisfying the above conditions and making the record in 
hundredths and tenths of a second 

3 Tfu rtu>tog)aphic Apparatui> 

For the production of permanent records use ■was made of the automatic 
developing apparatus employed m gun sound lauguig This consists of a 
camera with a roll of sensitised paper which can be fed continuously behmd 
a cylindncal lens the paper thereafter passing automatically through a 
developing and fixing bath The e|>eed of the sensitised paper can be 
regulated at will, and is capable of being varied from 6 inches per second 
to inch per second 

It will be noted from fig 1 that the diaphragm which receives the 
body impulses is very highly damped by the lubber ring that supports it 
The microphone container is purposely made double with lubbei connection 
since the latter will damp out very efficiently any resonance the air in the 
system might have 

The vibration galvanometei is heavily shunted so that, although sensitivity 
18 sacrificed, the instrument is practically dead-beat Fig 2 shows the record 
of a make and break of 1 ohm change in the resistance of the microphone 
This record also indicates sensitivity, and enables us to standardise all records 
taken from day to day (Plate 5) 

With a standard microphone grid, working with a given electric current 
and with a galvanometer of one definite sensitivity, quantitative oompaneons 
of the various records can be made The recording of mmute air currents 
by the microphone is a special feature of our method as distinct from that 
employed by Yandell Henderson, and has been dealt with in a paper by 
one of us (W S T ) and Capt ’E T Pans, on " The Selective Hot-Wire 
Mierophone” (16) 
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The air with its small inertia here takes the place of the rnectumiem of the 
swinging table The movements of the air are recorded faithfully and 
without measurable lag by the change in the temperature and electrical 
resistance of the hot wire microphone 
The microphone is subject to resistance variation through change in the 
temperature of the room thus changing the zero This effect however can 
be overcome by simply adjustmg the balance of the Wheatstone bndge 
In order to use the microphone — which has a resistance of about 160 ohm 
when heated — it is inserted m one arm of a Wheatstone bridge the other 
arm being adjusted by a rheostat to give balance with the stnng galvano 
meter The pulsating currents of air which cool the microphone giid 
give a corresponding variation of resistance but it must be noted in this 
mvestigatioii that motions of the air whether positive oi negative in direc 
tion always pro luce positive deflections on the galvanometer wire since all 
air movements produce a fall in temperature an 1 a diminution in resistance 
of the raiciophone grid 

Another point to be emphasised is that deflections of the galvanometer 
wire are not proportional to the displacements of the body in a given direc 
tion but are proportional to some function of the velocity of the bodj under 
recoil What this function is may be indicated 1 y reference to the previous 
work done on the theory of the hot wire microphone 
The deflection of the galvanometer which may be considered to be pro 
portional to the change in electrical resistance of the microphone is 
dependent not only on the vibratory motions of the air set up by the heart 
action but also on a certain amo nt of I reot air current set up by convec 
tion as a result of the dispos tion of the microphone grid in the orifice 
through which the vibrations are transmitted Convection effect was 
reduced to a minimum in this investigation by setting the plane of the 
microphone grid vertical so that convection currents tend to be perpen 
dioular to the displacements of the vibrating air These currents however 
could not be completely eliminate 1 owmg to the lack of complete symmetry 
of the enclosuie on the opposite sides of the gnd 
It has been shown in the paper above referred to that for a certain type of 
gnd similar to that in use and under similar conditions receivmg vibrations 
U sin ft the total resistance change 

8R= -016U»+016Usmj?f+0I6U»coB2pf 

where U is the velocity of the air at any moment past the grid 2‘7r/j> the 
penod of vibration of the air Other terms may be added to the above 
senes but have been shown to be so small as to be n^ligible The con 
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vection current in direction parallel to the displacements of the vibrating 
particles is entirely responsible for the term containing Usinpi and from 
the equation it is seen that a simple harmonic vibration in the air is 
recorded by — 

(i) a displacement of the mean position proportional to the square of the 
velocity , 

(n) a periodic term m tune with the air vibration, of amplitude pioportional 
to the velocity , 

(ill) a periodic term an octave above this vibration proportional to the 
square of the velocity 

Terms (i) and (iii), therefore, are proportional to the kinetic energv in the 
air, while (iil is proportional to the square root of that energy 

This relation has been checked by means of an artificial vibrating system 
fixed to the platform referred to above, and consisting of a spiral spring 
supporting a weight which, when displaced vibrates vertically up and down 
The spring becomes, for the time, an artidoial heart, imparting its vibrations 
through the platform to the diaphragm and to the air m the microphone 
chamber 

The diaphragm is put under the same tension, etc, by placing weights upon 
the platform equal to the weight of the case under comparison 

Fig 3a gives the galvanometer record which closely agrees with the above 
equation in which the maximum velocity of the vibiating air is 2 cm per 
second and the convection current about 2 cm per second (Plate 5) 

One complete vibration corresponds to two peaks the higher one of which 
indicates a displacement of the vibrating air in the same direction as the air 
current 

Jit any point, the deflection of the galvanometei is propoi tional to the 
function of U as quoted in the above equation, but if the function be inte- 
grated with respect to tunc for a complete cycle, le, for a tune 2irlp the 
periodic terms vanish and a quantity proportional to U*, 1 1 to the kinetic 
energy of vibiation, is obtained 

If now the amount of kinetic energy contained m the spring is calculated 
from the mass of the sprmg, its periodic time and its displacements, we can 
calibrate the records in terms of such kinetic energy 

The vibrating spnng however, fails to resemble the heart in its action since, 
as seen from the record, the spang loses very little energy per period, le.ii 
IB a nearly undamped vibrating system Had it been heavily damped, the 
spnng would rapidly come to rest and the record would show markedly 
decreasing amplitudes 

With the heart quite a different condition obtains The projected blood 
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ooosfcitutes the maas of the epnog and the muacles of the heart^^lie spnng 
itself, but the energy which is imparted to the blood, and therefore to the 
body aa a whole, is immediately absorbed so that the vibrations appeal to be 
dead beat It is nevertheless true that the resistance variation, though not 
to be expressed by so simple an equation as that quoted above, can be treated 
in a similar manner, and for a heait cycle, consisting as it does of a number of 
vibrations, superimposed or consecutive, between two so called heai t beats a 
process of integration can be carried out and the result will give a quantity 
from which the periodic terms vanish and which has a value proportional to 
a (velocity)® te ,to the kinetic energy imparted to the body during the cycle 
The process of obtaining the kinetic energy of recoil of the body resolves 
itself, therefore, into the measurement of an area bounded by the heart curve 
and the zero axis, dividing this by the time, and expressing the result m any 
desired units of energy, by comparing with a similai area divided by time 
given bj the vibrating spring of known energy 

The kinetic energy contained in the spring was found from the relation 
, where d is the amplitude of the spring and M the effective mass 
which IS maintained in vibration with a periodicity of;i /27r "This corresponds 
during calibiation to an amplitude in the Einthoven string of a 

The photographic lecord shows an amplitude of b so that the kinetic energy 
of the spring as recorded is — 

Ufd»bl2a 

111 the case under consideration this quantity works out to 22x10* ergs 
and may be measured by the mean ordinate of the spring curve — say Y 
Dealing now with the heart curve, examination is made over a complete 
breathing cycle of six heart beats, and the mean ordinate for these is obtained 
(fig 3 B) Galling this y, the kinetic energy exhibited in the body corresponds 
to y/ Y X 22 X 10* ergs 

and this is completely absorbed, the time corresponding to it being t seconds 
Hence the kinetic energy produced averages for a breathing cycle 
y/Yf X 22 X 10* ergs per sec 

In this determination y/Y = ^ and < = 4 23 secs , so that the heart output 
creates a kinetic energy in the body of 

2 6 X 10* ergs per sec 

or 0 18 gramme-metres per heart cycle 

The figures obtained do not repr^ent the total kinetic eneigy of the heart 
but are, we suggest, proportional to it They must not, therefoie, be compared 
directly with the work dome by the heart, which, as given by Starling (12), is 
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in the neighbourhood of 82 3 gramme metres per beat^ of which 81 6 units 
represent work done against arterial pressure, and 0 7 units are measured in 
kineuc energy at the root of the aorta The latter again is considerably 
greater than the value obtained by our experiments, since oui measurements 
are integral of all movements footward and headward 

One other point should be referred to before proceeding Yandell 
Henderson obtained records of displacement vaiiation, and these in a given 
mass, that of the patient with the platform that supports him, are also records 
of the potential energy of that mass 

Thus it will be seen that the measurements made by Yandell Henderson 
and ourselves are complementary, since in any vibrating system the total 
energy at any time is the sum of its potential and kinetic energies The two 
quantities will be out of phase 7r/2, maximum potential energy correspond- 
ing to minimum kinetic energ}, and rm terui 

The peaks of the displacement curve corresjiond to the minima of the 
records of this paper Also, while the displacement curves can indicate 
positive and negative values, the cuives of our recoids only gi\e positive 
values Allowing now foi the change of phase of 7r/2 on passing from one 
curve to the other, and iciiiembeiiiig that the values of the kinetic energy 
curves aie always positive, it is possible to show a resemblance between the 
two sets of curves 

Fig 4 18 a repioduction of a diagram from Yandell Henderson’s paper 
Taking fig 3, B, to represent a characteristic heart record obtained by the 
process described m this jiaper, the curve of fig 4 can bo approxunalely 
reproduced by reversing alternate peaks to allow for positive and negative 



•effects. The change of phase would be imposed by moving the curves as a 
whole through the width of half a petdc, bearing in mind also that wheieas 
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Yandell Henderson’s curve reads from left to right, the record of>fig 3 read» 
from nght to left 

Theoretical Cormderatums 

The maintenance of life depends ultimately upon the efficiency of the 
cuculation 

Since circulation is maintained by the pumping action of the heart, any 
measurement of its output gives an effective method of testing the controlling 
engine of the body 

Yandell Henderson used the displacements in the body recoil m an attempt 
to measure the volume discharged from the heart per unit weight of the body 
at each contiaction Thus a body of weight W would suffer a displacement 
D, corresponding to the propulsion of blood of weight w displacing an amount 
d at each heart contraction, where 

w = WD/d 

With accurate measuiements of body displacement a figure is thus obtained 
proportional to the volume ot the discharge per systole It is obvious, 
however that the actual woik done in producing the movements of tho body 
18 not the reaction movement of the left ventricle only but the algebiaic 
sums of all the movements of blood or body fluids duiing the period of 
ebtimalion 

The difference between our measurements and those of Yandell Henderson 
can now be clearly indicated His curves are effective indications of the 
potential energy in the body at any moment, and changes in such energy are 
proportional to systolic discharge Ihe curves we obtain are indications of 
the complementary kinetic energy of the body, changes in which are proper 
tional to the changes in potential energy If Yandell Henderson’s curve'», 
therefore, measure systolic discharge, the same claim can be made for tho 
curves given by the hot-wire microphone 

The advantage of obtaining kinetic energy curves rather than those of dis 
placement shows itself in one important way Tlie displacements of the 
botly produced by causes other than those due to heart action may bo consider- 
able In the act of breathing, for example, the movements obtained may be 
many tunes greater than those due to propulsion of the blood For this 
reason, Yandell Henderson took special precautions, such as holding the 
breath or causing the patient to blow steadily through a whistle In our 
case, however, we are concerned with velocities rather than displacements, 
and the velocities in the body resulting from breathing aie so small as to be 
n^ligible The same applies also to slow muscular movements m the body, 
jncidental on digestion, etc Velocities of the air resulting from the- 
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diaphragm displacement in the microphone contaiiiei aie here exceedingly 
minute and we are thus able to assume thit they produce no appreciable 
change in the electrical resistance of the microphone 

We are able to show however that breathing does produce a marked effect 
in systolic dischaige as will be clearly indicated in the records described 
later 

Fxperimental Woik 

The earliest records were obtained by the simple piocess of seating the 
patient on a microphone container It was found that the spiing ” of the 
walls sufficed to produce metisurable effects In order to avoid change in zero 
of a balanced electric circmt the resistance variations were conveyed to the 
galvanometer thiough the agency of a transformer 
The next development was that in which the patient was seated in a chair 
which was bolted to a wall of the container at a point lieneath its centre of 
gravity Both of these methods involved caieful balance of the body and 
in any case could give no quantitative results The chair was then slung by 
chains from the under surface of the diaphiagra in the apparatus described 
earlier m the paper and a foot rest was fitted so that tlie patient could be 
seated at ease Here again the effect though more consistent and though 
to some extent capable of comparable measurement depended on the attitude 
of the subject and records showed that marked differences were given when 
the knees were bent to different extents or when the head was erect or 
bowed Iinally the subject to be tested was placed on the swinging platform 
in an absolutely erect position with a shoulder rest to steady the body 
A change .was also made in the electrical arrangements It was found 
possible to replace the transformer method by that of the simple Wheatstone 
bridge This latter arrangement enabled us to get more faithful records of 
the resistance changes of the microphone Contrary to expectation the zero 
of the record was found to be quite steady 

Consideration and Analysis of the Cui ves 
The Normal Itecoil Curve —The normal recoil curve is undoubtedly very 
similar to that shown in fig 6 This curve and the majority of those 
reproduced in this paper have all been obtained from one subject 
(Mr A Beading) whose general physical standards are equal to those found 
m the best type of pilot In addition, the electro cardiogram and ortho- 
diagrams of this case are normal (Plate 5) 

Very similar records, which need not be reproduced here, were given by 
many other normal subjects 

As will be seen from the figure, the main features of the normal curve 
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consist of (reading from right to left) a small peak, followed immddiatel} by 
two considerably larger peaks and then by two smaller and somewhat flatter 
peaks These j eaka have been numbered 1 to 6 in the diagram These flve 
peaks since they are ncurly alwajs present m eveiy curve may be considered 
as the essential elements of the normal recoil curve In some of the heart 
cycles in the figuie othei smaller peaks may be observed and it is generally 
these secondarj j caks that tend to become exaggerated or entirely absent 
from case to case 

h ig 5 shows also a simultaneous record taken over the carotid by means of 
the special hotwire microjlione previously deseiibed On this record the 
tune relations of the laiicus peaks of the lecoil curve in relation to the 
phenomena of a heart c}tle have been purjiosely omitted Ihis has been done 
to avoid confusion and ciroi as the j eak of the hot wire carotid curve 
which in licates the maximum of velxjitj does not occur at the same time 
as that on the ordinary carotid curve It is as shown previously a cm ve out 
of phase with the ordinary cuives which record changes in pressuie When 
the simultanecus records of figs ^ and 6 were taken we had no comparator at 
our disposal and therefoio have not given an exact figure for the time 
interval between the commencement of the hist heait sound and the 
oomiueucement of the carotid peak 

In the heait sound nuciojhonc the deflections caused by the commence 
nient of the first and second sounds corresponding as they do to the closure 
of the auiiculo vciitiKular and semilunai valves fix ver) definite points of 
time in the heart cjcle for comparativi purposes on simultaneous tracings 

As heait sjiinl lecords aie free fiom the difficulty inherent in any 
comparison between potential and kinetic eneigy curves a simultaneous lecoid 
of recoil and heart sounds has been prepared and this is shown in fig 6 while 
the relation of the two sounds has been more clearly defined by lines diawn 
through their oonimeiicement to cut the lecoil curve 

As It IS undesirable to introduce the recoil curve into the standard composite 
diagram representing changes of pressure in auncles vcntnclos aorta and 
carotid a special diagram fig 7 has been prepared in which the kinetic 
energy curves of body recoil and carotid are co ordmated w ith heart sounds 
For the time relations of the various events in a heart cycle the data given 
b} Lewis (10) have been used 

From figs 5 and 7 the commencement of the carotid curve is seen to 
coincide with the beginning of the first or small peak of the recoil curve 
Tins peak (1) is therefore, probably caused by the feetward movement of the 
liody corresponding to the headwaid movement of blood ns it is projected 
from the left ventncle shortly after the begmning of each systole The 
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interpretation of the two peaks (2 and 3) w.we think as follows The Hrst is 
probably due to the movement of the body headwards is the mass ot blooil 
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passes down the aorta, while the second is caused by the return of the 
displaced body to normal 

The interpretation of the two smaller peaks (4 and 5) is, however, not easy 
as It IS difficult to believe that a recoil of this magnitude can be produced 
entmely by auricular systole 

In this connection, it should not be forgotten that patients with large and 
heavy hearts, not necessarily dilated ■post mortevi, fieqiiently shake the whole 
bed The question, therefore arises whether, or not some of the features of 
the recoil curve are due to the actual movement of the heart itself It has 
been shown by needles passed into the base centre and apex that the base 
moves downward during systole The elastic recoil of the distended aorta 
also requires taking into oonsidoraiion These questions have been left for 
subsequent investigation 
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The interpretation put forward here of the recoil peaks must be xjonsidered 
at present as purely tentative 

In fig 5 it will be seen that the recoils increase and decrease at regulai 
inteivals of time, and the relation of these increases and decreases to respira- 
tion are well shown in hg 8 In this figure, the shorter parts of the breathing 
record correspond to inspiiation, and it will be seen that, in agreement with 
other physiological observations, the maximum recoil occurs just after 
expiration has commenced (Plate 6) 

The effect on the recoil curve, when the breath is held in deep inspiration 
and deep expiration, is well shown m fag 9 

The recoils, which are so largely increased in inspiration and diminished 
in oxpiiation are undoubtedly due to the normal physiological variations 
in output dining respiration During inspiration the descent of the 
diaphragm increases the positive piessuio in the abdomen, thereby tending 
to press blood out of the abdominal veins, and at the same time the negative 
pleasure in the thoiax is imreasod and gnater suction exerted The heart 
therefore, \ull be better supplied during inspiration with blood than dining 
expiration, and in consequence the output will increase, and enlaiged recoils 
be the result 

The \ariation in cuives given by apparently healthy individuals may be 
seen from fag 10 wheie the first example demonstrates a simplified type of 
curve 111 which ouly the primary peaks are recognisable, and from which 
seoondaiy peaks are practicilly absent (Phte 7) 

The second example shows the typo in which the secondary peaks are so 
enlarged that they occasionally make recognition of the primary peaks difficult 
without dividers 

The thud example, takeu very shortly after the two upper curves, and 
without any alteration of the apparatus, is from the standard normal subject 
<A Reading) 

The meaniug of these variations is the subject of luvostigation along two 
lines, one anatomical, and the other physiological Small variations in the 
anatomical position of the axis of the heart, or in the disposition of the 
great vessels, may, as referred to above, alter the pioportion of the total 
kinetic energy of a contraction acting m the long axis of the body Or, as 
Krogli and Lmdhard (9) have shown, individuals may have a high or low 
coefficient of oxygen utilisation, with a consequent small or big volume 
output Iroin the heart, le, a small or big recoil curve 

Vanalwjis in Blood Pressure — As soon as it became evident that the 
recoil curves were subject to wide normal variations from subject to 
subject, a certain number of expenments were carried out to determine 
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the variations which made their appearance in the normal subject under 
different conditions 

Curves were therefore taken before and after meals over a senes of con- 
secutive days at the same hour , and before and after exercise 

It was thought at first that the variations in the recoil might bear some 
simple relation to the blood pressure A number of healthy individuals 
wore, theiefore, examined from this point of view, but yielded no definite 
evidence that small differences of systolic diastolic or pulse pressure readings 
could be coi related with alterations in the sire of the recoil 

As Tigerstedt (13) had shown, with las Stiomuhr, that nitro glycerine 
increased the minute-volume and lowered the blood pressure, while adrenalin 
tended to the opposite effett it was decided to try the effect of small doses 
cf vaso-constrictois and vaso-dilators, liquor adrenalin and nitro glycerine 
respectively, taken by the month Accepting Tigeistedt’s results as applic- 
able to the normal human subject, it would seem that enlarged lecoih are 
the result of increases m volume output rathei than riised blood pressure 
as 18 cleaily shown by fig 11 In this faguie the only curve showing a 
definite increase of recoil is (d) le, the one t iken five minutes after a small 
dose of nitro-glycorine Curve (c), taken if ter a small dose of adrenalin is 
not appreciably different from any of the control cuives 

It 18 true that the dose of liquor adtenahn is voiy small, and was given by 
the mouth, but the effect of the niti o-glycerine is voiy striking 

Curves were also obtained after taking by the mouth 0 02 gim of the vaso 
constuctor tyramme, a drug which is definitely known to be absorbed and 
recoils of diminished amplitude weie obtained 

The lesults aie not conclusive, but taken iii conjunction with the 
variations during respiration, are suggestive that alterations in the volume 
output are the chief factors affecting the magnitude of the recoil , this agrees 
with the theoiy of the action of the microphone dealt with above 

The Jesuit of experiments carried out to show the effect of lucieased heart 
work on the recoil indicates that all the features of the normal curve 
become enlarged, especially the smaller peaks An example of a curve taken 
before, immediately after, and some time after exorcise, is shown here to 
illustrate this point (fig 12, Plate 8) 

It would not, however, be justifiable to assume, at this stage, that a 
curve such as (B) of hg 10 is produced because the subject’s heart is domg 
more work 

All the ox|)eriment8 that have been carried out have been directed solely 
towards ascertaining the natuie pf a normal curve, and the variations to 
which it 18 subject As a single control to these experiments, the recoil 
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curve from a case of aortio regui^tation with a high blood prc^wre, and 
a very large heart, was taken. It ia shown here (fig. 13) as an example of 
the extreme deflection caused by the hot-wire microphone, when abnormal 
movements of the body are transmitted to the air in contact with it, 

Condtmon. 

A careful examination of the above recoids shows that there is an 
additional penodic effect, besides that of the heart cycle and of breathhig. 
This reveals itself in the variation m heights of the two highest peaks. At 
certain parts of the record, the first peak is higher, in other parts it is lower 
than tJi^e second peak, while we also get the intermediate conditions of 
equality of peaks. One of these effects can be partially explained by the 
difference in sensitivity of the microphone accoiding to the direction of the 
air current , but some physiological explanation is required to account for 
the whole plienomenon, as instrumental variations have been reduced to a 
minimum . This effect will be the subject of further study. 

The apparatus employed for the recoil measurements is now being further 
modified, so that the patient can be examined in a recumbent position. 
Eecords could then be obtained when the muscles are completely relaxed 
and might easily be taken during sleep. 

This further modification will also permit us to measure the recoil in 
directions perpendicular to the body axis, so that information r^arding the 
whole of the body movements should then be available. 

Summary. 

This paper deals with a new method of measuring body recoil as 
the result of heart action. Attempts have been made to eliminate the dis- 
tiarbing factors operating against the success of YandeU Henderson's method. 
To effect this, the hot-wire microphone with suitable galvanometer and 
recording apparatus has been employed, and the records actually made 
measure quantities proportional to the kinetic energy imparted to the body 
by motions of the blood. In this way slow-moving displacements, such as 
those of breathing, fail to be recorded. 

The apparatus is of such form that it can be standardised, giving the same 
responses from day to day for the same body recoils. 

A method is indicated of expressing this kinetic energy of the body in 
C.G.S. units. Attention has been concentrated on the records obtained from 
a favourable subject, and an analysis of these curves shows that the events 
of a heart cycle can be recognised. 
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The results so far obtained are consistent with accepted physiological 
data as to the variations in the systolic output of the heart, as affected by 
exercise, respiration or the action of vaso-constriotors and vaso-dilators. 

In conclusion, the authors wish to express their appreciation of the help 
and assistance given to them in carrying out this work by Sir Frederick Sykes, 
the Controller-General of Civil Aviation, and Lieut.-Colonel Cusins, Chief 
Experimental Officer of the Signals Experimental Establishment, where the 
work was carried out They further desire to express their indebtedness to 
Prof Yandell Henderson, Dr. A W. Stott for his kind collaboration during 
the preliminary stages, and to Dr. P. Hamill, when correlation with the 
electro-cardiograph was required, as well as for advice on the physiological 
aspects of the paper 

The authors particularly wish to recognise the help given by Mr A. Heading, 
who, besides providing them with a very useful subject for heart recording, 
also manipulated the apparatus most skilfully 
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Th< Velocity of the Pulse Waie in Man 
By F CuiOHTON Bkamweli*MB MRCP and A V Tim FRS 
(Received Febrnaiy 4 1922 ) 

In an investigation now being earned out by us at Manchester observa- 
tions aie being made, under various conditions, upon the velocity of the pulse 
wave in man As a pieliminary to this investigation it was thought advisable 
to study the theoiy of the transnassion of the pulse wave, and the following 
pages contain the results ariived at together with an account of expenments 
upon the velocity ot the pulse wave in an isolated human artery 
The pulse wave m man travels in the arteries at a speed of 4 to 10 metres 
per second Its velocity depends, to a small degree on the velocity of the 
blood in the artery considered, but chiefly upon the elastic condition of the 
arterial wall which is affected by a variety of factois in health and disease 
As regards the former, the pulse wave must be considered as travelling, like 
a ripple on moving water, relatively to the fluid in which it occurs The 
artenal wall merely exeits an elastic constraint upon the surface of the fluid, 
and in the simplified theory of the transmission of the wave (which it is 
necessary for practical puiposes to adopt) the inertia of the wall and of the 
tissues outside it exerts no influence on the velocity of the wave Thus any 
expenmentally determined value must represent the velocity of the wave 
relatively to the blood, plus the velocity of the blood in the artery Takmg 
0 75 metres per second as an aveiage maximum velocity of the blood in the 
aorta, and 0 25 metres per second as an average maximum in tfae carotid 
artery (4), we see that the correction for the \ elocity of the blood itself is small, 
but not neghgible, in comparison with the velocity of the wave Any con- 
siderable increase in the velocity of the blood caused ^ 7 , by local or general 
exertion, will cause an equal increase in the velocity of the pulse wave 
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Moreover, the velocity of the blood m the aorta, and to some degree in emy 
artery, vanes considerably at different moments of the cardiac cycle , such 
differences will cause one part of the pulse wave to be transmitted with a 
greater velocity tlian another, and so will lead to a certain modihcation in the 
apparent form of the wave In the absence of definite knowledge of the 
velocity of the blood in any given case it is not possible to make any 
allowance for it , it is necessary, howevei, to bear in mind that it may, under 
certain circumstances, appieciably — though not considerably — affect the 
velocity and modify the form of the transmitted wave 

Consideied m its full complexity the theoiy ot the tiaiisniission of the pulse 
wa\o 13 difficult Theie are, however, two factors which allow us to simplify 
it (a) the distance ovei which the wave travels is relatively sliort, (i) the 
wave form owing to the elastic nature of all the tissues producing it, shows no 
very sharp discontinuities ot changes of cuivature In conseiiuence of (6), m 
the analysis of the wave into a system of simple harmonic waves, the shorter 
wave-lengths are relatively unimportant, and it is the transmission of these 
waves which would have required the more complicated treatment With 
the help of Mr E A Milne, ot Tnnity College, Cambridge a fuller theory of 
the wave transmission has been worked out , it is unnecessary to give this 
theory at length, but it may be stated that, with the type of wave occurring 
in arteries, and within the limits of experimental erior the formula given by 
Moen8(7) in 1878 is sufficiently accuiate for our purpose We will consider 
the meaning and application ot this formula. 

If D be the velocity of the tiont of the pulse wave y the radius of the 
artery at the end of diastole, c the thickness of the arteiial wall, £ the 
modulus of elasticity of the artery foi lateial expansion and p the density ot 
the blood, the following relation holds 

p = v/(E</2py) 

Assuming that p is constant, and equal (say) to 1 055, this foimiila contains 
three variable factors, on which the value of v depends, vu , E, c and y In 
this form the expression is of little value, since E, c and y vary fiom artery 
to artery, and none of them express any easily measurable tai tor By a 
simple transformation, however, a formula may be obtained which throws 
much light upon the mechames of the circulation A small rise Sp in 
pressure may be shown to cause a small increase, Sy = y*Sp/Ec, in the radius 
y of the artery, or a small inciease, SV = 2irfSpl^c, m its volume V per 
unit length Hence 2y/Ec = dV fV dp, from which 
v=^(V/[pdV/dp]) 

In this equation p is measured in dynes per square centimetre, and o ip 
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centimetres per second Expressing p in millimetres of Hg and i •pi metres 
per second and substituting p = 1 065 this equation becomes 

v = 0357^(V/[dV/rip]) 

But (dV Idp^y 18 the relative increase in the vol ime of the artery pei 
millimetre of Hg increase of pressure Working in percentages therefore the 
equation finally becomes 

= 3 67/y^(ieicenttme increase in volume pei millimetre of 
Hg increasi of j ressure) 

This 18 the form most intelligible an I convenient m use It requires no 
knowledge of the elastic coefhcient as such nor of the radius and the thick 
ness of the arterial wall but only of one simple and directly obseivable 
function of these the rate of inciease of volume with pressure Thus an 
observation of the velocity of the pulse wave in any particular vessel tolls 
us at once m absolute units the degree of extensibility of that vessel 

The energy expended by the heart per beat has been shown 1 y Rhode (2) 
and others to depend (other things being equal) on the pressure developed by 
it Thus if the heart is to work efficiently the output for a given pressure 
should be as large as possible which implies a large increase in the volume of 
the arteries per millimetre of pressure developed and — from the formula — a 
low velocity of the pulse wave Another sign of an efficient circulation is 
that the flow through the capillaries should remain as high and as constant 
as possible during diastole which implies a laige iirninution of volume of 
the arteries for a given fall of pressure and again a low velocity of the pulse 
wave Hence a low velocity of the pulse wave is a sign both of an efficient 
and continuous circulation and ot an economical functioning of the heart 
Thus the velocity of the pulse wave is one important cntenon of the general 
efficiency of the circulation 

In a paper by Roy (3) in 1880 is given a series of curves showing the 
relation between volume and pressure in the case of arteries and veuis made 
by an ingemous method commanding eveiy confidence in its accuracy 
Beplottmg these curves in rectangulai co-ordinates and measuring their 
slopes at vanous points it is possible to deduce the percentage mcrease in 
volume per millimetre of Hg and so to calculate the velocity of the 
pulse wave at various pressures The following results are obtained by 
so doing — 
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Table I 

I Fig 6, Roy’s Paper — Inferior Vena Oava of Cat 

p (mm of Hg) 6 10 80 40 

»(«np») 165| i 2 31 48 6o| 

II big 7 — Immoral Artery of Rabbit 

P 20 40 60 80 100 IJO I 140 100 j 

• J 21 2 27 I 2 12 2 83 3 10 6 06 7 15 I 9 22 

111 big 9 — Cniotid of Rabbit immediately after death 

1> j 20 40 00 I 70 I 80 1(K) 120 140 160 

« jaiejiiojios ai 848 47 70 10 7|l7 8 

IV ilg 11 — Thoracic Aoita of Cat 

p 20 40 60 80 j 100 120 j 140 160 

r 84 86 86 aejsb Ssjirf 54 

V Fig 10 — Carotid of Emaciated Dog suffering from ill-treatment and 
chronic illness 

p [20 40 I 00 I 80 100 120 140 

81^40 6ljl»0 73 84 89 

The moat atrikmg fact about these figures is that in a normal healthy 
artery (II, III, and TV) the velocity is constant as the pressure rises fiom a 
low value up to about 80 mm , after which it increases at first slowly and 
then more rapidly At high pressures the velocity is very considerably 
increased In V the velocity increases considerably throughout Secondly 
the velocities in II, III, and IV at pressures of 80 mm (about equal to the 
normal diastolic pressure in man), are noticeably less than those observed m 
man This may be characteristic of the animals investigated, but it seems 
more probable that it is due to the following factor All hvmg tissues, and 
especially artenes and muscles, show the phenomenon of elastic “ after- 
aotion,” continuing to extend for some time if the load or tension be main- 
tained Roy attempted to avoid errors due to this by making his observations 
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very slowly allowing the tissue a long time to reach its final eqmhbnum 
Prom the point of view of the static effect of the diastolic pressure on the 
arteries he succeeded from that however of the dynamic effects occurring 
in the rapid cycle of events associated with the \ ulse his precautions aggra 
vated the error and must have causeil the increase of volume per milh 
metre of Hg to be much larger than that occurring in a rapid change of 
pressure It is quite conceivable that a pressure lastuij, (say) for 0 1 second 
causes an expansion not greater than half of that resulting from an equal 
pressure maintained for 10 minutes in this case a calculated velocity based 
on the latter would bo only about two tl iids of an obseived velocity depend 
ing on the former This elastic after action therefore probably causes all 
the velocities in Table I to be too low the effect is similar in character to 
that caused by adopting the formulae for the wtheri lal expansion of a gas in 
calculating the velocity of s )und The safest thing to do is to measure the 
velocity directly and so to deduce the constants cf the true adiabaiu 
expansion finally we see (in I) that in a vein the calculated velocity 
at low pressures is very low a conclusion which agrees with an observation of 
Morrow (6) and must be borne m mind in companng the tune relations of the 
jugular pulse with those of othei events in the heart or ciiculation 

The most important point brought out by lalle I is the dependence of the 
velocity upon the pressure In the case of man the pressure involved is the 
diastolic pressure that on which the wave is superimposed This implies a 
decrease m extensibility with increase in length an effect analogous to that 
occumng in muscle This is important in various ways but particularly m 
experimental work where it shows the necessity of recording the diastolic 
pressuie at the same time as tlic velocity of the pulse wave Its magnitude 
18 emphasised in the experiment described below 

It IS often suggested that m the livmg animal the velocity of the pulse 
wave may be affected by contraction of the involuntary muscle around the 
arteries In so far as the contraction of involuntary muscle may affect the 
extensibdity of the aitery this will be the case but in no other way The 
part of the wave whose velocity is measured is the very rapid rise at the 
opemng of the aortic valves, a rise which is detectible in a few thousandths 
of a second It is inconceivable that a contraction of slow involuntary muscle, 
as we ordinarily know it, could affect the rate at which such a sudden rise is 
transmitted The transmission of the pulse wave, theiefore is a purely 
mechamcal phenomenon, its velocity being an indicator of the elasticity of 
the vessels as modified by any conditions (muscular or otherwise) obtaining 
at the moment 

The chief difficulty in the observation of the velocity of the pulse wave m 
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an isolated artery lies m the fact that no considerable length of artery can be 
obtained, and the time-interval available for measurement is therefore very 
small. By replacing the blood with mercuiy, however, this interval can be 
increased 3‘68 times, and the utilisation of this fact makes it possible to 
measure the velocity in an isolated artery with fair accuracy, and then to 
obtain the velocity in an artery containing blood by multiplication by 3’58. 
The reason for this is as follows the velocity of the pulse wave is inversely 
proportional to the square loot of the density of the fluid in the vessel, so that 
replacing blood (p = I 055) with raoicuiy (p= 13 5) decreases the velocity in 
the latio v/13 5/1 056, ir, of 3 58 1 This piinciple is embodied in the 



apparatus shown in fig. 1. A length of artery is tied firmly at A and B on to 
the copper pipes, which are clamped rigidly to a board These copper pipes, 
at their other ends, are firmly joined to two long rubber tubes, one of which 
goes to a mercury reservoir capable of being raised and lowered, the other to 
a mercury pressure gauge. Thus tl\e pressure in the artery filled with 
mercury (with bubbles carefully eliminated) can be adjusted to any required 
value. At X and Y in the copper pipes are two small windows, as shown in 
the diagram on the left. Over each window a small tliin piece of rubber tube 
is carefully and firmly fixed, and on 'the rubber, over the edge of the window, 
U glued a minute aluminium angle-piece carrying the finest possible bamboo 
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writing lever The two levers, lying close together, write upon tl;>e same 
revolving drum, and indicate the moments of arrival of a wave in the mercury, 
at X and at Y respectively. The wave is set up by hittmg or squeezing the 
left-hand rubber pipe at some distant spot Its arrival at X causes a sharp 
movement of the writing-point at X, it is then tiansmitted with very high 
velocity through the almost rigid copper pipes, being delayed, however, in its 
arrival at Y by the slow transmission across the elastic artery between 
A and B 

After the expeiimont on the aiteiy is completed, the artery is leplaoed by 
a rigid copper pipe from A to B, and the observations are repeated, the small 
time interval observed when the rigid tube lies on the path of the wave being 
subtracted from the larger interval when the elastic tube is there In 
this way any small “ zeio error ” m the instrument is practically eliminated 
Coi responding points on the records of the two wnting levers are com- 
pared, and the time intei val Ixitween them can be determined with reasonable 
Hccuiuoy Greater accuracy could doubtless be seemed by employing a 
photographic method of recoixling the arrival of the wave at X and Y, but 
for the present purpose this was not necessary. 

The artery employed was the common carotid of a young man (who had 
died of malignant endocarditis) It measured 6'84 cm between the ends of 
the copper pipes. At each pressure a series of observations was made of the 
interval between the arrival of the wave at X and Y (6g. 1), and the 
‘‘ probable error ” of the mean values given below, lay between 0 0006 
and 0 001 secs The “zero error” to be subtracted, as estimated by the 
interval observed when the artery was replaced by a copper pipe, was 
as follows : — 


PreMon (mm ) 

30 1 

40 

1 60 

80 

100 

Zero error (eeo* ) 

0-018,5 

0 0142 

' 0-0160 

0 0167 

0-0165 

PreMure (mm ) 

180 1 

140 

160 

180 

200 

Zero error («ee» ) 

0-0174 1 

_ _ l_ 

0-0182 

0 oieo 

0-0108 

0-0206 


The following Table shows the results of a series of observations on the 
artery. The values for blood are obtained by multiplying by 3 ' 58 . 



86 

67 78 

98 

110 

168 

800 

InterTBl obeerred (teoi } 

0-079 

0 086 1 0 0666 

0-062 

0-0468 

0 0880 

0 0888 


0-014 

0-016 1 0-0166 

0-016 

0 0170 

0-0187 

0-0206 

Difference (leoi ) . . 

0-065 

O-071 ' 0-0809 

0-086 

0-0296 

0-0198 

0-0182 

Velocity (metre! p.» ) . 

1-06 

0 96 < 1 84 

1-90 

2 82 

8-66 

6-18 

Velocity, blood (m p • ) 

8-76 

a -46 4 -81 

0 80 

1 

8-8 

18 7 

1 

18 6 




305 


The Velocity of the Pvl^e Wave in Man 

We see here the same effect of pressuie as was shown by the calculation 
from Roy s curves the velocity increases comparatively slowly as the pres- 
sure tises to about 80 mm then more rapidly and finally at high pressures 
very considerable velocities nie observed As legards the absolute value 
we may compare the velocity given in the above labk with that found at 
the same (diastolic) pressure in a normal living subject Acooidmg to 
Orallavardm (5) the average normal value ol the diastolic pleasure in man 
IS 70 to 76 mm Much higher values however are given by the use of the 
Pachon oscillometei (80 to 110 mm) In normal healthy young men our 
observations (to be described else whi le) have given vclicities from 5 8 to 
7 4 metres per secon 1 C mpau I with the velocity interpolate 1 in the above 
Table for a pressure of 70 to '’5 mm these velocities are high accepting 
the higher estimate of the diastolic pressuu in nnn the observed velocities 
agiee well with those given in the Table the velocities 5 8 and 7 4 m p s 
correspond roughly there to pleasures of 85 and 102 mm respectively On 
the whole therefore we may be satished that the pulse wave has a velocity 
in the livmg man not far different fiom that in an isolated artery and that 
its transmission is a mechanical phenomenon depending only on the elastic 
properties of the vessels 


Summary 

The theoiy of the tiansnussion of the pulse wave in a blood vessel 
18 considered and it is shown that its velocity in metres per second n 
given by 

V = 3 67/ ■/ (percentage increase in volume if aiterj pei milhmeLie 
of Hg increase of pressure) 

This velocity is relative to the blood in the vessel and must have a small 
correction apphed for the velocity of the blood itself An obseivation of the 
velocity therefore gives directly the degree of extensibility of the vessel 
and IB shown to be one ontenou of nn efficient circulation The experiments 
of Roy (1880) on the extensibility of vessels may be used to calculate the 
velocity of the pulse wave the calculation shows (a) that pressure has a 
considerable effect on the velocity a fact which is confiimed by expeiimeiits 
on au isolated human artery filled with meicury in oidei to slow the 
transmission of the wave and (6) that the velocity so calculated is lower 
than observed in man a fact which is attiibuted to the phenomenon of elastic 
after action which aflected Roy s measurements The experiments on an 
isolated human artery gave a velocity comparable with that observed m man 
and It IS concluded that the transmission of the pulse wave is a purely 
VOL XOUL — B I 
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methanioal effeol its velocity ilepoiiding on the extensibility of the vessels 
as inodihed b} any condition (muscular or otlierwise) obtaining at the 
moment 
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On a Ruiiai I <thl< JJadciio/i/tic Rknu at Joand in 1 isi>iili) and 
'iiA.ntions 

jly ALhJCAMl £R 1 LRMINC MB 1? R C 

(Conuiiunicited by Sir Alniroth Wii^ht IRS Received Fobruaiy 13, IJJ3 ) 
(Froii the Laboratoi V of the Ino ilatioii Depaitm nt St Mary s Hispital ) 
lliA.aO] 

In this coiiimuuiLatiou I wish to diaw attention to a substance pieseut 
in the tissues and secretions of the body which is capable of rapidly 
dissolving certain bacteria is this substance has pioperties akin to those 
of ferments I have called it a Lysozyme and shall refei to it by this 
name throughout the conimunioition 

The lysozyme was hrst noticed auring some investigations made on a 
patient suffenng from acute coryza The nasal secretion of this patient was 
cultivated daily on blood agar plates and for the first three days of the 
infection there was no growth with the exception of an occasional staphy 
locoocua colony The culture made from the nasal mucus on the fourth day 
showed 111 24 hours a large number of small colonies which, on examination 
proved to be large gram positive cocci arranged iriegularly but with a 
tendency to diplocoocal and tetriul fonnation It is neoessaiy to give here a 
very brief description of this microbe as with it most of the experiments 
described below were done, and it was with it tliat the phenomena to be 
desonbed were best manifested The microbe has not been exactly identified 
but for purposes of this oommunication it may be alluded to as the Mtcroeoccu$ 
lysodenktuna 
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Ihe fully developed colony of the coccus may Ije 2 or 8 ram in diameter , 
It 18 round opaque raised and has a bright lemon yellow colour it grows 
luxuriantly on all the ordinary culture media and growth takes place well at 
room temperature or in the incubator at 37° C it is aerobic and faculta- 
tively anaerobic it does not liquefy gelatin oi coagulated albumin 

I'BKUMlNABY EXPKKIMKNTS SlIOWlNU THK ACTION OF THE LySOZYMK. 

In the hist experiment nasal mucus from the patient with coryza was 
shaken up with five times its volume of normal salt solution and the 
mixture was centiifuged A drop of the cleai supernatant fluid was placed 
on an agar plate which had pieviously been thickly planted with 
M lysodeiLtiais and the plate was incubated at 37° ( for 24 hoi rs when 
It showed a copious growth of the c ictus except in the region wheie the 
nasal mucus had been place 1 Heie there was complete inhibition of 
growth and this inhibition extended foi a distance ot about 1 cm beyond 
the limits of the mucus 

this striking result led to further investigations and it was noticed that 
one drop of the diluted nasal mucus added to 1 cc of a thick suspension of 
the oocci caused their complete disappearance in a few minutes at 37° C 

These two preluuinaiy experiments clearly demonstrate the very powerful 
inhibitory and lytic action which the nasal mnenshas upon the M lysodeiktirus 
It will be shown later that this powci is shared by most of the tissues 
and secretions of the human boily by the tissues of other animals by vegetable 
tissues and to a very niaiked ilegree by egg white 

hUBTHLR OB8BKVAriON«l ON THE El-H Cl Ol IHE LYsOZIME ON BacTKBIA 
1 Inhibitory Action 

In the preliminary expenments it has been shown that on the surface of 
an agar plate the growth of the nasal coccus is completely inhibited by super 
added nasal mucus Ihis inhibitory action can be strikingly demonstrated 
in another manner 

A small portion of the agar is lemoved fiom an ordinary agai plate making 
a eup into which some material rich in Ijsozynie (tears nasal mucus sputum 
oaiiiiage egg white etc ) is pi iced A drop of hiuidagir at a temperature 
of about 50° C is placed on tlu material m the ouj and is allowed to solidify, 
after which the cup is filled with tlie liquid agar wbieh in its tuin is allowed 
to set I iquid agar is then poured all i ver the plate to make a thm layer 
over the original surface Iho whole suifacc of the imdium is now thickly 
planted with theJf lymsktf twits and the plate is iiiculiated for 24 hours 
when It will be seen that theie is copious growth ot the ooccus except in the 
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legiou of the implanted material By the method of pieparation of the plate, 
in which the material is covered with several distinct layers of agar.'lhere can 
be no mechanical transference of the material to the surface of the plate but 
the experiment shows that the inhibitor) substance is able to penetrate the 
agar and absolutely prevent growth of the < occus for a distance of about 1 cm 
Fiuthei if the plate is kept foi a few days it is found that portions of the 
growth next to the inhibition zone have become almost transparent, and it is 
evident that the lytic substance has continued to diffuse through the agar after 
the mitrobes have completed their growth, and has dissolved the cocci for a 
distance of 3 oi 4 mm Ihe area of inhibition and the paitially dissolved 
zone of growth are shown in Plato 9 hg 1 which is a photogiuph of a plate 
in which was imbedded 10 c mm of tears 

2 Bactericutal AUum 

If cultures are made from the inhibition zone of a plate, such as has been 
described in thi last experiment no giowth results, showing that the bacteria 
implanted on this surface has been destroyed It can also be shown that if 
lysozyme containing mateiial be added to a suspension of M liisodeiktvnis in a 
tost tube these cocci are destroyed, so that cultures made from the tube remain 
sterile In one expeiiment a suspension of M lysodnkticvs of a strength of 
not less than 1,000 million per cubic centimetre, was exposed to the action of 

1 in 100 nasal mucus and 10 c mm volumes were planted out after mcnbation 
for 1 2, 6, 10, and 60 minutes It was found that the cultures remained 
sterile while simil ii cultuies made at the same time from a contiol tube in 
which the nasal mucus was leplaced by normal salt solution, gave copious 
giowth up to the end of the experiment, namely, I hour s incubation 

It was found that after 2 houis incubation teais diluted 9,000 tunes with 
normal salt solution killed the whole of the cocci in a thick suspension of the 
M lysodeiklieus In the dilutions of tears from 1 in 27,000 to 1 in 243,000 
there was a very marked bactericidal powei manifest 

ihe bactericidal action of the lysozyme may also be shown with microbes 
other than the nasal coccus An example of this is illustrated in hg 2, which 
IS a photograph of a culture made after mcubatiiig a fiecal streptococcus fur 

2 hours at 45® C , with tears diluted in I in 100 and with normal salme 
solution It will be seen that from the saline tube there lesultcd a contmuous 
sheet of growth, wheieas, from the tube containing the team, there were only 
scattered colonies, showing that the vast majority of the streptococci had been 
destroyed by the teais 

A similai result was obtained by acting on idi^oc^cua/a-cahs with the 
inflammatory exudation into a joint cavity 
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Naked-eye Ghangc'^ — In the second ol the pichnnnaiy experiments it was 
shown that if a drop of nasal mucus lie added to a thick suspension of the 
Micrococeui, lymdeikticiis in a test tube there is after a short peiiod of inouba 
tion, a complete dealing of the opaque suspension 90 that the fluid becomes 
pel fectly clear to the naked eye It has been noted also that other tissues 
and secretions have the same action If the material used is rich in 
lysozyme the action is a very lapid one Thus at a tempeiature of 46 ° C 
aim 100 dilution of team will completely clear tie susjwnsiou in about 
30 seconds or a L 111 ) dilution of egg white in 10 seconds 

If the Iiacterial suspension is a very thick uie theio is easily to be 
observed a considerable increase in the viscosity ol the fluid after lysis of 
the bacteria has been completed evidence 1 by the fict that if the tube is 
shaken, the an bubbles rise much more slowly to the surface of the fluid 
The lytic action can be stiikmgly dcnionstrited by placing on the surface 
of a fully _,rown plate culture of )f ly ) I ilticu'i a drop ot tears nasal 
mucus, or other material rich 111 lysozyme In less than 1 minuti at 37 ° U 
or m about 10 minutes at room temperature tint portion of the culture on 
which the material was placed will have lieen eouiphtely dissolved pro- 
ducing a clear space )ust as if a portion of tlio culture ha i been mochamcally 
removed 

MicKsayiu Clumgcn — Wlieii a mixture of loirs and M lysodiikttciM is 
observed with dark ground illuiuuiation it is seen that the cocci lapidly lose 
their sharp outlines become swollen and gmdually disappear At the same 
time, theie appear a ver} large number of minute granules somewhat 
similar m appearance to the granules of a polynucleai leucocyte 

Examined with transmitted light it is seen that the cocci rapidly swell up 
and become transparent so that after 2 minutes at loom temperature (when 
the COCCI are suspended m undiluted tears) they become quite invisible 
When the partially dissolved cocci aie examined bj Bum s method they 
are found to be much swollen up and they are. less indistinct probably 
owing to some of the opaque matenal used to produce the dark background 
adhenng to their glutinous surface (see fig I) 

If a similar specimen is colouitd with one of the ordinary bacterial 
stuns, the staiuable material is found to have diramished in size, givmg 
the appearance of small and very irregular cocci When the lytic action is 
complete, staining fails to reveal any trace of the cocci 
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OBSERVAIIONS on IHi- rROPKKTlKS OE IHK I YhOZYME AND Oil* 1 HE 

Conditions GtOvfrnini. its At i ion 

Ihe lyso/yine is soluble in water or notiiul salt solution it is insoluble 
in chloiofonn ether or toluol and as these substances do not destroy it or 
inhibit its action they have been used to pieserve lysozyme containing 
matenal such as sputum for test purposes it retains its potency iindi 
minished after standing at room temperature for several weeks That 
lysozyme of egg white is not destroyed by desicoatnn and that in the 
dned state it can be proseived for long periods is shown by the fact that it 
18 present in large amounts in commercial dried egg albuiiun 
From alhurainous fluids protein piecipitants such as alcohol acetone oi 
picno acid precipitate the whole of the lyso/yme with the proteids 

Its action takes place most rapidly when a small amount of salt is present 
in the fluid (under 0 I per cent ) and ceases when more than 6 per cent ot 
salt 18 pieseiit It acts both on living microbes and on those which have been 
killed with heat 

Iiijlnen 4 of live Reaction of Ihe Unvi 

It was found that when one drop of sputum extiact and one drop of a thick 
suspension of M hfeodtiklvnis weie added to 1 cc of vanous dilutions of 
hydrochloric acid oi caustic soda the lytic action was to some extent 
delayed in the tubes o< ntaining as little as 1/8000 normal acid or 1/24,000 
normal alkali and there was complete inhibition of lysis in the tubes 
containing 1/800 normal acid or alkali These figures are not stnctly 
accurate as alkali free gloss was not used but thev clearly indicate that 
the lysozyme is very sensitive to minute traces of acid or alkali 

Bemitance of the Lyaoxyme to Heat 

Sputum extract nasal mucus saliva and subcutaneous fatty tissue heated 
for 10 minutes at 60® C had lost but little of their lytic power for bacteria 
but 6 minutes heat at 75° C destroyed almost all the lysozyme Tears 
diluted 500 times with noimal saline solution were hiated for 10 minutes at 
76° C and the lysozyme content was reduced to one quaiter After 
boiling this dilution of tears for 30 minutes traces of lysozyme remained 
active but boiling for 1 hour apparently completely destroyed it 

In saliva the resistance to heat of the lysozyme and of ptyahn was 
compared A specimen of saliva was heated to 75° C and specimens were 
taken at intervals of 1 minute and their lysozyme and ptyahn content 
were compared It was found that these two substances disappeared from 
the saliva at the same time, namely, alter beating for 7^ minutes 



Bacteriolytic Element found in Tisanes and Seiietions ^11 


Injlt II i T< ye) t r th V ! tj f ! / ft i ft 
IJic lytic action ( ikoa place '<lowIy in tlio ice clitat and (he velocity 
increases up to 60° 0 attci which it become-^ il iwer a„ain pr dial ly iwing to 
the destruction oi sonn of tlio lysozj me 

If lyso/ynio conUiiiino' inatcml liowovei is lilt iii contact with the 
Mimoooccm lysoieikti tin for 24 hours the cocci aie dissolved in the same 
dilution of the lysozyme whether the reiotion takes place at lo m tern 
pei-ature 37° C oi 50° C 

Does the, f i/soiyme j «.ss fht oin/h Mernl i i en u) FiKei s t 

1 Colic d I on —Om cc of a saline extract of sputum was placed in a 
collodion sac and this was suspended m a tube containing a thick suspension 
of M lysod^ikticw and inouhateil foi 6 hours No lysis of tlie cocci took place 
The sac was then punctured and the contents allowed to mix with the 
bacteria when complete lysis < ccui rod within 2 minutes showing that the 
sputum extract contained lysozyme which however had been unable to 
pass through a collodion membrane 

2 Pot retain FtUet — Eifty cc of a 1 in 1 000 dilution of tears were passeil 
through a Btrkfeld filter and it was found that the filtrate was devoid of 
lysozyme action As it might have been possible that some inhibitory 
substance {e g acid or alkali) had been absorbeil from the hlter and passed 
into the filtiate a small quantity of the iinfilteied tears was added to the 
tubes containing the filtrate and the cocci when lysis piomptTy occurred 
showing that the lysozyme had actually been retained on the filter and that 
the absence of lysis when the filtrate ami cocci weie mixed was not due to 
the presence of any inhibitory substance 

It was impossible to obtain human secretions iich in lysozyme, in 
suftioieut quantity to filter them in a strong concentration through the 
porcelain filters available Lgg white however which is very rich in 
lysozyme, was used for this purpose in a dilution of 1 in 10 in normal saline 
solution The filtrate was collected in separate portions of about loo and 
each poition was tested foi the presence of lysozyme The first 19 oaj 
which passed thiough the filter had no lytic action on M lysodetldtcus but 
after that the lysozyme passed through aud in the 30th o o the strength of 
the filtrate was practically the same os that of the un filtered niaterial 
These experiments show that a porcelain filter is capable of absorbing a 
ocmsiderable quantity of lysozyme, but when that has been absorbed the 
filter offers no barrier to the passage of this substance We shall see that 
the same thing happens with filters of cotton wool and filter paper 
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Cotton Wool — This was tested by two methods which the author had 
pitvioiisly used to deiuonstiate the gossypiotropic piopeities of certain aniline 
dyes 

The first method consists in pushing slowly to the bottom of the test tube con 
taming a column of about 2 inohes of a lysozyme containing matenal a tight 
plug of cotton wool so that the fiuid percolates through the cotton wool and 
collects above it Using teats diluted 1 in 1 000 (this sample of tears showed 
lysis up to a dilution of 1 in o 000 000) it was found that when this 
experiment was carried out the whole of the lyso/yme was lemoved by the 
cotton wool 

In the second method a tight plug of cotton wool was introduced into a 
narrow tube 1 c o of tears (1 in 1 000) placed above this and with pressure 
exeited with a rubber I eat the fluid was iliiveti through the cotton-wool 
Successive volumes of 1 c c were diiven in this way through tlie cotton wool 
and these were separately tested for ihe presence of lyso/yme It was 
found that a tight plug of cotton-wool 1 cm long intioduced into a piece of 
6 mm tubing absorbed the whole ot the lyso/yme from 12 cc of a 
1 in 1000 dilution ol tears burtliei volumes of the diluted tears passed 
through this cotton wool plug all contained lysozyme 

Filter Paper — This was tested in the same way as cotton wool and with 
the same lesults Passage through about 0 5 cm of compressed falter paper 
in 6 mm tubing remoied the whole of the lysozyme from 10 cc of a 
a thousand fold dilution of tears 

h tie Lysozynu Hemooed /loin Solution with Subatancei nuch as Uhaieoal ? 

It was found that when a small quantity of blood charcoal was added to a 
thousand fold dilution of teais and after 2 hours on the bench the mixtuie 
was centnfuged the clear supernatant fluid contained no lysozyme It was 
shown that no inliibitory substance had been absorbed into tlie fluid from the 
charcoal because after the supernatant fluid bad failed to cause lysis of the 
cocci a small quantity of the diluted tears was introduced when lysis promptly 
occurred It is evident therefore that charcoal removed the lysozyme from 
the fluid 

Distribution of the Tysmyme in the Body 

In the first experiments it was found that nasal mucus contained a large 
amount of lysozyme, and itwis later found that tears and sputum weie 
very potent in their lytic action It was also found that this property was 
possessed by a very large number of the tissues and organs of the body The 
lysoi^e-content of the tissues was investigated by placing small portions of 
tisane not larger than a split pea in tnbes containing loo of a thick suspen- 
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sion of the M lyaodeikticm incubating the tubes at 45° (J ,and noting whether 
any lysis took place as evidenced by a clearing of the opacity of the suspension 
Some of these tissues were obtained fioni tlic poslinoi tern room, others from 
laboratory workeis or from the operating theatre The results obtained can 
be summed up by saying that all the tissues and organs possessed some lytic 
power, even a few hairs from the head causing solution of the cocci While 
in these tests no attempt was made at an exact quantitative estimation, it 
was noticed that lysis proceeded very much more rapnlly with some tissues 
than with others Briefly, it may Iw said that epideimal structures, tlie 
lining membrane of the respii-atoiy tract and especially the connective tissues 
(whether fibrous, fatty or cartilaginous) contained largo amounts of lysozyme 
affecting M lysodeiktu its The rapidity of the lysis with eaitilage was so 
striking that an attempt was made to estimate more accurately the amount 
of lysozyme in this tissue A small portion of cartilage from the patella 
(deep to the articular surface) was weighed and ground up in a mortar with 
a measured \ oluiue of salt solution This was allowed to extract for 6 hours 
when It was contiifuged and the supernatant fluid was added in various 
dilutions to a siisiiension of the M lysodeiUn m It was found that with 
an extract corresponding to one part of the original eaitilage in 1,300 parts 
of normal salt solution, there was complete lysis of the cocci in 6 minutes 
at 45° C which shows that cartilage has approximately one-tenth the 
lysozyme-content of tears. 

The presence of lysozyme was sought for in certain physiological and 
pathological fluids, and the results are set forth in Table I. 

Table I 

Fluids containiug lysozyme 

Tears 
Sputum, 

Nasal muons 
Salira 

Blood serum 
Blood plasma 
I Peritoneal fluid 

Pleural affusion 
Hydroooele fluid 
Otanan cyst fluid 
Sebum. 

Pus from aone pustule 
Sero pus from a " cold " abscess in the 
popliteal space 

UiiDe oontaining muoh albumin and 
Semen (very weak) 


Fluids not containing lysozyme 


Normal unne 

Cerebro-spinal fluid 

Sweat (one sample onli tested ) 
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In connection with the lysosyme content of the blood, it is to be noted 
that, in addition to its beiiif' present in the leucocytes, in the plasma, and in 
the serum, it is also ju-osent in rathci large amount in the fibrin of tlie blood 
clot It 18 oonceivaldc tbit this is a piotectivo imchanisin for open wounds, 
which rapidly beconii cnvcied witli a layer ot hlnin and leucocytes both of 
which aio rich in lyso/yme 

The lyso/yine content ot tens sputum nasal mucus saliva and blood 
serum of the same individval were tested The sp ouneiis weie all collected 
at the same time and were tested about 4 hours atterwarils The titrations 
were earned out by making senal dilutions of the vanous fluids and adding 
to these dilutions a measured quantity of a thick 8U8))en8ion of M lysodeikticiis 
after which the tulies were incubated at 45° C, an 1 leadings were made at 
intervals of 15 10 and 60 minutes The results are set out in Table TI — 


table II — Ihe lysozyme Ooutent of vanous hluids taken from the same 
Individual at the -uiiu 1 imt 


I lime of 

I Material exam nod Diliilion f Huid 1 in - 

I 4c"c I 


I Blood serum 


I 'ialiva 


Nasal mucus 

Rputum 

Tears 


16 

30 

00 


16 

30 

OO 


16 

30 

no 

16 

30 

60 

16 

30 

60 


10 I 30 -X) 





sigmfles complete cleanni; of the fluid 
± partial 

0 DO 


It Will be seen from the above Table that tears, sputum, and nasal mucus 
are very rich m lysozyme to the M lysod-eikticm, while saliva and blood serum 
are relatively weak Fluids from a number of diflierent individuals have 
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been tested and the relative amounts of lysozyme contained in these have 
been found to be coinpuritively constant except in the case of saliva, which 
seems to vary cunsideiably alLhoii,'h it ncvei appioichcs in lysozyim 
content tears sputum oi nasal mucus 

QiieMwii m lu whttlu / Ltf-iozyme entts in 1 n s i llu i than IIui uin 
Tts'>tii s 

Only 11 hunted amount of work has been done in thi', direction, but it is 
sufficient to show that lysozyme is very wnlespread m nature Rabbit and 
guiiiea-pig tissues were examined and it was found that neaily all of these 
contained some lysozyme for the M ly>>odeil turn but in general the lysis was 
not nearly so marked as it w is with the conesponding human tissues It may 
be noted that the lachrymal secretion of both these animals contained no 
lysozyme for the M lyswhihlu us, against which the human teais are so powerful 
The'tissues of a dog were much more lytic than those ot tin labbit and 
guinea pig but even they were not so active as human tissues 

It was found that egg-white was very rich in lysozyme tor the M lysodcil tuns 
there being, after incubation for 24 houis lysis visible to the naked eye when 
a dilution as great as 1 m 60,000,000 was employed Egg vdnte also 
contains lytic substances for many othoi bacteria It w is found also that 
commercial dried egg albumin was veiy rich in lysozyme 

In the vegetable kmgdom it was found that turnip had a vciy definite 
though not very strong lytic action on M lysodAiktirua Several of the other 
common table vegetables were tested, but they appealed to be devoid of Ij tic 
activity 

Does the Lysozyme act on Bacietia other than the M ! i/sodeikhnis i 
In the investigation of this problem the method adopted was to make a 
suspension of the bacteria of such a strength that it gave a very decided 
opacity when diluted with an equal amount of saline, J cc of this suspen- 
sion was mixed with the same quantity of a 1 in-50 sputum extract or a 
dilution of tears from 1 in 100 to 1 iii 1 OOO As a control, a twofold dilution 
of the original suspension was made with normal salt solution The tubes 
were incubated at 46° C and observations were made at intervals up to 
24 hours the opacity of the tube containing sputum oi tears being compared 
with that of the control tube 

Three groups of microbes were tested the hrst group consisted of 104 
strains of baotena deiived from the air of the laboratory, and of these 
76 per cent were dissolved, more or less readily, by a 1 m 100 dilution of sputum 
These air-bome bacteria consisted mainly of eoooi of vanous sorts, but there 
were also bacilli, yeasts, and two speoies of mould 
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The second group consisted of a senes of cultures of bacilk ^hioh are 
pathogenic for some animals but not so far as is known for man These 
were kindly supplied by Dr St John Brooks from the NsUoual Collection 
They were tested with tears (1 in 100) and nasal mucus (1 in 100) in 
addition to the sputum extract and seven out of eight cultures showed 
some lysis after incubation with one or other of these fluids These 
cultures included B abortus of Bang and B pseudotuisrculosts rodentium 
to both of which there was some lytic power and which will be referrwl 
to later 

The third group consisted of bacteria which had been isolated from the 
human body and it was found that whereas most of these were not acted on 
by the lysozyme contained m sputum or tears some were completely and 
others partially dissolved Not one of the various members of the coh 
typhoid group showed the slightest signs of lysis while sixteen out 
of nineteen strains of intestinal streptococci were dissolved to a grea&r or 
less extent. 

The results obtained with this gioup of miciobes are set forth in Table III 
but of necessity considering the multiplicity of strains involved this Table 
18 incomplete and it may well be that by altering the conditions of the 
experiment somewhat a much higher percentage of the bacteria will be 
dissolved 

Table III — F fleet of the Lysozyme contained in Sputum or Tears on 



It was noticed that with diflferent microbes different fluids in their 
ly^osyme content did not always bear the same ratio to one another Thus, 
While tears were apparently the most powerfully lytio to the if lyaodatJeHnu 
they had a less powerful lytic effect on some other oooci than bad 
Bputnm or synovial fluid This may be the explanatien of the immnnity of 
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certain tiosuea to certain infections, or conversely the well-known predilection 
of certain infections for certain tiasues. 

The view has been generally held that the function of tears, saliva and 
sputum, so far as infections are concerned, was to rid the body of microbes 
by mechanically washing them away. Metohnikoff in his treatise on 
"Immunity and Infectious Disease,” expresses himself very clearly and 
precisely on this point From the experiments detailed above, however, 
it 18 quite clear that these secretions, together with most of the tissues of 
the body, have the property of destroying microbes to a very high degree. 

It has not been possible to test extracts of all the different tissues to each 
of many microbes, but it has been shown that human tears and sputum 
can dissolve the majority of the microbes (presumably nun-pathogenic) 
recovered from the air of the laboratory. Most of these air-borne bacteria 
are non-pathogenic, and it seems extremely unlikely that they could 
become pathogenic when the human secretions show such a destmetive action 
towards them. 

Again, the human secretions showed lytic power to most of the miorobes 
tested which, although pathogenic to some animals are harmless to man. 
Notably there was a certain amount of lysis evident with the bacillus abortus 
of Bang and B. pmidotvherculotis rodenftuM, which are culturally and 
serologically identical with Af nulxienxus and B. pestis respectively, both of 
which latter orgauisms are very pathogenic for man, and tor which there is 
apparently no lysozyme in the human secretions. It may be that it is 
in this sensitiveness to a liuman lysozyme that the difference between these 
miorobes lies 


DESCKIPTION OF PLATE 

Ilg. 1. — Photograph of agar plate with imbedded teari 

Pig. S.— Baotericidal power of tears on streptococci Uppei half— culture from 
streptococci in salt solution. Lowei half — cultuie fioni same number of 
streptococci in tears (1 in 100). 

Fig. 3. — Uppei half — Micrococctu hftodfikit<,ut bcfoie being acted on by tears. Lower 
half — same partially dissolved by tears. Examined by Burn’s method. 
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1 Inh oductKm, 

The ability of certam organieius including notably the Mollusca and lower 
Vertebrata to respond to their surroundings by appropnate pigmentary 
changes has long been familiar to biologists , it has been recognised for more 
than half a century that a special type of effector ot^ns (ohromatophoree, 
melanophores, eto ) are actively instrumental in producmg such clianges and 
that, in Vertebrates at least pigmentary response is partially oontrolled 
through the nerves by stimuli received from the organs of vision During 
the past two decades it has been shown that tlie reactions of the pigment 
cells to stimuli simulate those of other effector organs, especially as regards 
their responses to certain internal secretions That a fuller understanding of 
their properties might prove of service to practical aspects of physiology, as 
well as the key to a knowledge of ‘ colour adaptation,” was realised by Lister, 
who concludes his paper on the cutaneous pigmentary system of the Frog 
(1858) with the following oonimeut ‘ The pigmentary system also promises 
to render good service in toxicological enquiry Hitherto in experiments 
performed on animals with that object attention has been directed chiefly, if 
not exclusively to tlie effects produced upon the aotions of the nervous 
centres, thi nerves, and muscles In the pigment cells we have a form of 
tissue with entirely new functions, which, though apparently allied to the 
most recondite processes, yet produce very obvious effects Such 

expenments are so readily performed, and the effects produced are so 
obfnously mdicated by the changes m colour of the integument, that 1 
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venture to recommend this method ot investigation to those who are occupied 
m studying the action of poisons 

A considerable literature which las been leviewel too thoroughly and 
recently to merit an extensive epitome here bears witness to the intricacy of 
the mechanism which underlies pigmental response in Wishes Amphibia and 
Keptiles and very little work has been done on Molluscs in this connection 
It can be safely asserted that as many distmct types of chiomatophores are 
already known as there are diffen nt sorts < f oth< r effector organs whose 
properties have been studied Hence it s oV vious that apait from the intrinsic 
interest presented by tl e phenomenon of colour change a study of the pro 
perties of this senes of effectois invites consi leration in i elation to a fuUer 
understanding of the I played respectively by the character of the tissue 
and the nature of its nerve supply in the local action of drugs The research 
of which this preliminaiy rommunicati n contains an mitial account of the 
lesponse of Amphibiiu melanojhores to jituitary extracts has beeu 
approached with both these objectives m view For present purposes it will 
sufhee to recapitulate briefly what has alreadv been achieved in relation to 
the endocrine factois in pigmental response 

Earlier workers on the pigment eflectoi mechanism concentiated then 
attention on the nervous control ( onnia however she wetl as eaily as 1898 
that a glandular extract could induce pigmental changes in the frog when he 
brought about contracti n of the pigment cells with adrenalin Lieben 
(1906) confirmed this conclusion and a similai reacti m of j lament cells to 
adrenalin has been demonstrateil in other Amj hibia an 1 in kishes ly various 
workers Contraction of the melanophores of frog tadpcles was found to 
follow pineal administration by McCurd and k Allen (191'") vihoae lesults 
have been smee confiimed by Huxley and Hogbeu (1921) The latter liave 
also shown that molaiiophore expansion follows pituitaiy feediii„ in sala 
mander larvee an observation which accorls with the oonlition of general 
melanophore contraction seen to follow pituitai} extirj atiou by Allen (1916) 
bmith(1917) Atwell (1919) and Swingles (1921) expeiimeiits on grafting 
pituitaries published while these experiments were in jrogress These 
woikers expenuieuted m Amphibia Spaeth (1917) on the othei hand found 
that the inelanoidiores of isolated scales in the lelcost fish Fmdidw 
contract m response to loth pituitary and adrenal preparations 

Whatever may b tiue in the caw ot kislus this is certainly ii t tl e mode 
of response among Ampliibia ns the pixsenl expeiiments are intended tt 
indicate Pituitary extracts injected into the frog produce a visible 
darkening with complete and ei.xtreuie expansion of the melanophores 
The results recorded show that this re a specific reaotioa of extracts of 
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tht posterior lobe la produced by a pnnciple probably identical with the 
utenne stimulant and la independent of the neive endings in theTooal eSeot 
which it evokes 

Ihc 1101 mal leactiona of melanophorea to light in the frog depend on 
several fnetora besides h„ht temperature I ting of predominant significance 
lor the purpose of the experiments it was necessary to use frogs in which 
the melanophores were fully coutiacttd Decerebrated animals were 
emplojed the room tempeiature was unifoimly 7^“ t) 77° F At this 
degree of warmth tlie fio^s placed < ii a wliite liackgiouiid utidei bright 
illumination show complete contidction of the melanophores which con 
ditiou peisisLs aftei the animals hive been deeeicbiated caiefully so as to 
avoid injury to the pituitary of the animal itself iluoughout this paper 
the melanoph iros iefeire<l to are m all cases the deimal melanophores 

2 bpccijicity on I L (ohiotton of the 1 Uuttoi y M h wphoi e Stimulant 

Ihe expel imerits lecoided in subsequent sections were based upon 
pituitary extiacts prepaied coiiimeicially foi clinical purposes Such 
pieparatioiis art made tiom the posterior lobe of the gland which includes 
not only the infundibulum * inw sUvio, te the pais nervosa but in 
addition the pars intoimedia which is ontogenetically s hypophysial 
structuie though the teim hypophysis is somctiuios inaccurately applied to 
the whole gland or to the pars antciior (anterior lobe) alone Hence the term 
lufundibulm applied to such extracts is misleading The following preliminary 
experiments indicate the existence of a specific luelanophore stimulant m 
pituitary extracts and its localisation in the pais iiitei media and nervosa — 

(i) An adult female labbit was decapitated and its pituitary gland 
together with pieces of muscle brim ovary pancreas suprarenals and 
spleen lemoved at once The tissues were severally weighed ground up 
with sand made up to 1 jiei cent in Kinger, and left m the thermostat at 
36° L for 2 hours At the end of 2 hours eight pairs of pale frogs were 
taken lieing injected in pairs (0 5 cc per individual) with the extiacts of 
tissues enumerated anotlier jiair being injected witli a 0 1 per cent solution 
of pituitary and an additional pair with an extiact of putnd meat The 
object of the lattei injection was to control the possibility that the effects 
found to follow injections of coiuiueroial products wt re not due to traces of 
the physiologically active (prossoi) substance known to occur m putrefying 
tissues After half an liour the pans injected with 1 per cent and 0 1 per 
cent pituitaiy extracts bad assumed a coal black line wlnle all the others 
remained pale imcioscopic examination of the skin showed that this effect 
was due to the expansion of the melanophoies in the former case 
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(ii) The small si/e of the pituitary gland in the rabbit as well as the fact 
that the labbit’s pituitaiy is remarkably compact having hardly any cleft 
between the two lobes (which are thus additionally difficult to separate), 
made it impossible to test the effect of oxtiacts from different parts of the 
gland in the foregoing exjierimciit Tn the case of the ox pituitary the 
demarcation between the three j>aits is very striking It was possible to 
secure ox pituitanes fiom the slaughter house within little more than an 
hour of killing and to dissect away portions of the pars nervosa intermedia 
and anterior separately, for pieparing extracts of the three divisions of the 
gland Each portion was weighed ground up with sand and aftei extraction 
with Ringer at 35° C for 2 houis made up to a 0 1 pei cent and 0 02 per 
cent solution A pan of pale frogs was injected with each of the six 
solutions (0 5 c c per individual) Aftei twenty minutes the four frogs 
injected with anterior lobe extract showed no darkening The pair injected 
with weak (0 02 per cent ) pars nervosa extract likewise displayed no 
darkening whereas both frogs which had been injetkd with 0 1 per cent 
pars nervosa extract and all foui animals injected with the pars intermedia 
prepaiation (0 1 jier cent and 0 02 per cent ) showed intense darkening of the 
skin Microscopic examination showed that the three pairs injected respec 
tively with pais anterior strong and weak extracts and pars neivosa weak 
extract had the molanophoies in the contracted condition, while the 
remaining six, those iniected with pars intermedia and pars nervosa strong 
extract, displayed a state of general melanophore expansion of the 
characteristic type 

From these expeimients it is clear that the pituitary gland contains a 
specific principle which is capable of inducing an extieme type of melano 
phore expansion in the frog, and that the production of this substance is 
located in the posterior lobe It will be noted that the extract prepared 
from the pars intermedia wew in the last experiment more potent than that 
prepared from the pars nervosa in coircspouding amounts of the fresh 
glandular substance The fact that workers like Swingle, who record the 
effect of grafting experiments, claim for the pars intermedia an exclusive 
rdle m the pigmental control of the pituitary gland does not necessanly 
conflict with this result, for it is on histological grounds unlikely that the 
pars nervosa actually secretes the autocoid which produces melanophore 
expansion What is most likely, as has been suggested by other writers, is 
that the pars intermedia secretion rapidly diffuses into the nervosa in 
which case the term infundibuhn applied to such extracts is not merelj 
confusing but positively incorrect The changes which follow injection of 
pituitary extracts m the frog confirm the conclusion that the condition of 
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pallor which leaulta from pituitary removal iii amphibian larvae as shown by 
Allen and rthers is due to endociine dehciuicy 

} 'imtUi ni -rti J Uuj M laniphnt'ti Pit itiiyhjt irts 

The following tests indicate the mode of icsiKiiise of frogs melauophores 
to diffeient concentrations ol pituitaiy extracts Owing to the extreme 
simphoity of the technique employed it is not desirable to repeat the 
description where experiments have been repeated for confirmatory purposes 
Iho extiact etniloyed was m all the remaining experiments Burroughs 
and Wellcome s liquid steiile posteiior lobe extract ( infimdin ) in 
0 6 c c tubes 

(1) Solutions 0 5 jier cent 0 05 {ler cent 0 006 per cent 0 0006 per cent 
ot the hquid extract in frogs Bmger were made up 1 cc of each solution 
being injected into each of a pair of pale frogs , a hfth pair was injected 
with saline simultaneously as a oontiol At the conclusion of half an houi 
(by which time maximum reaction is attained with pituitary extracts) the 
two pans injected lospectively with 06 pet cent and 0 05 per cent showed 
the striking pigmentary changes desciibed in the last section the remainder 
were still pale On removing a piece of skin fiom the back of each frog 
fixing in Bourns fluid dehydrating and mounting in balsam it was seen 
that in the two pairs that showed visible darkening the melauophores were 
so fully expanded that their prooe'^s appeared to form a continuous web 
thus rendering the skin almost opaque The other frogs showed complete 
contraction of the nielanophores except in the 0 006 per cent, pair, in which 
there was perhaps a very shght tendency towards a stellate condition of the 
melanophores The visible darkening of the skin appears within 10 to 
20 minutes reaches its maximum m half an hour, and disappears within 
3 hours from the time when injection takes place, as was shown by a further 
injection of the 0 5 per oent solution into another pair of animals Pieces 
of skin were also placed in the stronger pituitary solution to test its action 
on the isolated skin So treated they displayed on miorosoopio exammation 
half an hour later, complete expansion of the melanophores while other 
pieces placed in saline showed the melanophores contracted to hue points 
It should be explamed, however, that if the skin is subjected to a good 
deal of mechanical stimulation as for example, after bemg out into small 
strips 2 mm square, the melanophores remain contracted and will not respond 
by expansion to pituitary extract 

(2) A second tube of mfundin was used to make up solutions 0 1 per cent. 
0*075 per cent , 0 05 per cent , 0 025 per cent 0 01 per cent and 0 006 per 
cent Six pairs of frogs were taken and injected (0 & per cent per mdividnal) 
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severally with the above strengths The fiist and fifth doses were it will 
be noted, quantitatively equivalent to the hccond and third in tho- foregoing 
expel inient At tho end of half an houi the hrst two j airs (0 1 per cent and 
0 076 per cent ) weic intensely dark the others showed hut slight if any, 
perceptible change Microscopic examination ot pieces oi the skin showed 
that in the first two ^lairs tho melanophores were expanded wherous in the 
remainder they were oontiacted It may be well to obstivc parenthetically 
in this connection that the teims contretetu i and ipan'^uni aie used in a 
purely descriptive sense throughout this paper, witliout ^ re)ii lice to the 
controversial issue, to be dealt with subsequently it is hope 1 whether the 
pigment cell as a whole contracts and expands or whether on the other hand 
the appearance is due to the independent migration of the pigment granules 
The above experiments illustiate two signiheant aspects of the pituitaiy 
melanophore reaction («) there is a fauly definite end point, and (6) it is 
extremely sensitive when the clinical dose is taken as a basis of comparison 
Since 05 to 1 cc are usually administeied clinically (r 7 in partuntion) it 
will be seen that less than a thousandth if the clinical dose 01 0 0004 c c. of 
the commercial (21 pi r cent ) extract sutbee to evoke the lesponse * 

To obtam more crucial data it will be necessary to substitute for the crude 
method of mjeotion wA the dorsal lymph sao the intravenous or intraperitoneal 
operation Considermg the extreme technical facility ot this method of 
testing the activity of pitmtary preparations, the rapidity with which it can 
be carried out, the simplicity and cheapness of the materials employed and 
finally the probable identity — as will be seen later — ot the melanophore and 
uterine stimulants it is not premature to suggest m this place that the 
pituitary melanophore reaction merits the fullest consideration as an 
alternative to the very elaborate methods now employed for the standardisa 
tion of clinical preparations It would be well moreover to explore the 
possibility of employing strips of frog skm as Hooker was successful 111 
culturing the latter It should then be possible to ehmiuate the factor of 
individual variation as a source of eiror Spaeth emphasised this point m 
relation to the use of fish scales the frog has the ment of being much more 
easily obtained and reared , and smee excitement and mechanical stimulation 
ordinanly cause the frog s pigment cells to contract, everything favours the 
success of mampulation 

4 Jtdaiion of the Melanophore Stimulant to other PilwUai'y Automde 
It IS now generally reoogmsed that the diverse responses evoked by extracts 
of the posterior lobe of the pituitary gland are not due to a single autocoid. 

* 0 21 gr fresh inf indibului nubstanco mice 

2 A L 
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By extraction of dried and powdered infundibulum with acid\^ed water 
treatment of the solution with colloidal ferric hydroxide and subsequent 
continuous extraction of tlie filtrate at reduced pressure with butyl alcohol, 
Dudley (1919) succeeded in separating a crystalhiie residue contammg all the 
utenne stimulant (oxytocic principle) together with a portion of the pressor 
substance Ihe latter is again diflerentiated from the uterine stimulant by 
the fact that it is rapidly and completely destroyed by boiling with 0 6 per 
cent HGl on the other hand one fifth of the uterine stimulant remains after 
half an hour of aud hydrolysis and at the end of 6 houis a slight trace — less 
than l/200th8 persists Ihe rapid destruction of the pressor prmoiple was 
shown by Abel and Nagayama (1920) whose results have been confirmed by 
Dale and Dudley (1921) and oxtenled as indicated above There are 
therefore at least two active prmciples in the extracts of the infundibulum 
and the question thus arises of what relation exists between the melanophore 
stimulant of the infundibulum and the other pituitary autocoids 
The effect of continued acid hydrolysis was investigated as follows A 
0 5 per cent solution of the commercial extract was made up in 0 5 per cent 
HCl This mixture was subjected to continuous boiling for 6 hours a sample 
being removed at the end of 30 minutes At the conclusion of the experiment 
a sample of the unboiled mixture the portion which had been subjected to 
only half an hours hydiolysis and the residue were respectively neutralised 
with soda and diluted to a concentration approximately isotonic with Frog s 
Kinger brom each f the three solutions A (unboiled) B (boiled halt an- 
hour) C (boiled 5 hours) 0 6 cc was injected into a pair of frogs whose 
pigment cells were fully contracted The macroscopic and microscopic 
examination of the six animals at tho conclusion of an hour revealed a marked 
contrast The A and B pairs were daik and showed the typical pituitary 
reaction Tho pair 0 remainoil pale Microscopic preparations of the skm 
showed that in the 0 pan the luelanophoies were fully contracted, and in the 
A pair displayed extreme expansion Ihose of the B pair were not so 
extremely expanded as those of tho A pair The lesult of the experiment 
indicates that pituitary extracts retain a considerable potency to induce 
melanophore response after half an hours boding with 0 6 per cent HCl 
Hence the melanophore stimulant is not identical with the pressor substance 
and m its slow desti action by acid hydrolysis behaves in a manner identical 
with the utenne or oxytocic pnuciple of infundibular extracts, as far as is 
demonstrable without extensive quantitative estimation of the potency of 
each sample 
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5. Relaium of the Mdanophure S/imiilnnf to Histamine. 

The poesibihty that the melanophore stimulant piesoiit lu infundibular 
extracts is identical with the oxytocic piinciple led to exjienmonts ou the 
effect of histamine, since Al»el and Kubota (191 9) have raised the question of 
the identity of histamine and the uterine sliiuulaut Dudley has since 
produced evidence that the eflects of pituitary extract on plain muscle are 
not due to the presence of traces of histamine as these workers suggested, 
and more recently Dale and Dudley (1921) have conclusively shown that 
Abel and Kubota were wrong on this point. It can also be stated, with the 
utmost confidence, that the melanophore stimulant is likewise not identical 
with histamine , doses of the latter as considerable as 0 0036 grm. do not 
induce melanophore expansion in the hog 

That the two substances are not identical is shown further by the action of 
trypsin. Histamine is not acted upon by trypsin,* whereas Dale (1909) and 
Dudley (1919) have shown that both the commonly recognised pituitary 
autocoids are destroyed lapidly by trypsin In this connection it may be 
noted that Schafer and Herring (1906) claimed that pepsin destroys the 
pressor activity of pituitary extract, leaving intact the diuretic principle , they 
denied that trypsin destroyed either The following experiinont indicates that 
pepsin does not affect the melanophore stimulant, but that the latter is rapidly 
destroyed by trypsin. 

Six solutions were made up as follows • — 

A. O'fi per cent, infundibular extract in 0 2 per cent. HCl and 0‘6 per cent, 
pepsin. 

B. 0*6 per cent, infundibular extract in 0’2 per cent HCl, without pepsin. 

0. 0'2 per cent HCl and 0-6 per cent, pepsm. 

D. 0’6 per cent, infundibular extract in 0'6 per cent, sahne trypsin 

E. 0 6 per cent, saline trypsin alone. 

F. 0'5 per cent, infundibular extract in 0 5 per cent, boiled solution of 
trypsin. 

At the conclusion of 2 hours’ digestion at 34° C. A-C were neutralised, 
boiled, and diluted to a concentration approximately isotonic with Ringer. 
D-F were boiled. After cooling, 0’5 c.c. of each fluid was injected into a pair 
of frogs ; and the 12 animals were examined' 45 minutes afterwards, a strip 
of skin being removed for microscopic examination 

Of A~C both the A and B pairs showed niacro.scopically and microscopically 
the characteristic pituitary reaction Of D-F, F alone showed expansion of 
the raelanophores on being examined by macroscopic and microscopic methods. 


Dudlay {op cit.) 
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Ihe result of the experimeut indicates that the melanophcfre simulant of 
pituitary extracts is not destroyed by pepsin or HCl 0 2 per cent but that 
it 18 completely and rapidly destroyed by trypsin This is in accordance with 
Dale 8 work on the uterine and pressor principles 

As the foregoing experiments show tl e melanophore stimulant like the 
other pituitary autocoids is not destroyed I y boiling it is immediately 
destroyed in the presence of a small quantity of HjOa One other point 
deserves mention in this connection ti correct a possibly erroneous interpreta 
tiou of results previously published by one of the authors It was stated 
(Huxley and Hogben 1921) that pituitary feeding mduces melanophore 
expansion in salamander larv i In view of the destruction of the melanophoie 
stimulant by trypsin it seems highly probable that the effect was not produced 
as in the case of th) roid feeding by absorption of the autocc id vid the digestive 
system but by traces in solution in the medium acting thiough absorption 
by the skin 

6 Mu ic of Actio i of th Mel iiiophore 6tti lalaiU 
The effect of injection of pituitary extracts on the intact animal might be 
interpreted in at least four different ways — 

(a) Local effect on the circulation (vasomotor) 

(i) Central stimulation 

(c) Action on i ervo endings in inelanophores 

{d) Direct action on the melanophores 

Ihe hist two arc dismissed in view of the fact that with appropriate 
preparations pituitary extracts can be made to exert theit characteristic 
reaction upon isolate I skin The secc iid is also excluded by the possibility 
of produemg the same leiction after destructun of both spmal cord and 
brain To discriminate between (c) and (d) two methods may be adopted 
hrst the injection of pituitaiy extract after the complete degeneration of the 
nerve supply of the skin in a particulai area and secondly injection after 
paralysis of the nerve endings which supply the melanophores by means of 
the usual drug series Ihe first is the more cntical and it is hoped to carry 
out this method later The second is open to the objection that the 
evidence is based on the analogy of the operation of drugs on plain muscle 
As far as the results of expeiiments on these lines permit legitimate 
inference it would appear tiiat the action of the infundibular melanophore 
stimulant is diiect and independent of any nerve endings 

The following re agents were used for paralysis of different types of 
nerve endmgs cocaine (afferent) curare (spinal efferent) atropine (para 
sympathetic) and apooodeine (sympathetic) The use of cocaine was 
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suggested by the possibility of an antidromic control The subsequont 
action of pituitary extract was tested at varying intervals following doses 
of different magnitude, to make certain both as regards time of action and 
'amount of drug administered, that the full eflfect of the latter would be 
exertetl In no case did the normal response fail to make its appearance. 
The indications are theiefore that the pitiiiury melanophore stimulant acts 
directly on the melanophores of the frog and not on the nerve-endings, as is, 
indeed, fully consonant with what is at present known of the mode ot action 
of the other pituitary autocoids 

Neither curare, atropine nor cocaine affect the melanophores of the frog 
m any way While injection evoked its maximum effect in decerebrated 
frogs which liad received just ovei the normal dose of curare adequate to 
pioduce general niotoi paralysis, it should be noted that very large doses of 
curare did prevent tlie melanojdiore response to pituitary injection before the 
circulation liad actually ceased Kepealed tests, with a wide range of doses, 
showed that atropine does not cause the melanophores of the frog to expand 
as do those of the fish Fundidu'i when so treated (Spaeth) Laurens (1915) 
has also noted the inefficacy of at i opine to induce expansion in the con- 
tracted melanophores of the Axolotl The diffei'ent mode of reaction of the 
dermal tnelanophotes of Fishes and Amphibia towards both atropine and the 
pituitary autoooid would suggest that the term “ dei mal melanophore ” has 
been applied to more than one tyiie of effector organ It is intended to 
reserve, for fuller discussion at a later stage, the reactions of frog melauo- 
phores to drugs , hut it may lieie be mentioned, in connection with the 
antagonism of atropine and pilocarpine in lespectively paralysing and 
stimulating paiasym pathetic and secretory uerve-endings, that tiie latter 
re-agent does not induce expansion ot the contracted melanophores in the frog. 
Were these structures innervated hy the parasympathetic it would be 
expected that either one or the other would operate in this way. Apocodeme 
which, as Dixon (1904) has shown, eflfeots geneial sympathetic paralysis, 
brings about a darkening of the skin, not sufficient, however, to mask the 
subsequent effect of pituitary administration. This is fully consonant with 
the reaction of the melanophores to adrenalin, and the direct evidence given 
by Hooker (1912) in regard to tlie relation of sympathetic stimulation to 
melanophore contraction. 

Finally, the reaction studied m the expeiiraenta here recorded, leads to the 
possibility that the nervous system may not be such an all-important factor 
in the mechanism of " colour adaptation " as it has been customary to believe 
in the past.' Laurens (1916) concludes from his experiments on the pigment 
responses of blinded and seeing axolotls, that in “ colour adaptation ” among 
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the Amphibia the stimuli leceived b} the retina and transmitted to the 
central nervous system are indisputably there transformed anJ sent out 
along motor nerves to the pigment cells That the retina exerts a controlling 
influence is admitted that the stimuli it receives are transmitted to the 
central nervous system can hardly be questioned but that the control of the 
pigment cells theieby is of a purely reflex character cannot be conceded till 
the endocrine factoi lias been eliminated The existence of an endocrine 
substance capalle of pioducin^ the reverse resiionse to adrenalin * raises the 
possibility that the cential nervous system may cxeicisc its contiol over the 
pigment cells partly at least through the secretory activity of the suprarenal 
and pituitary glands 

7 Soxmny 

1 txtiacts of the posterioi lobe of the pituitaiy gl ind ha\c a specihc effect 
on the melanophores of the fr ig causing them to undergo extreme expansion 
an injection equivalent to less than 1 /lOOOth of the oidinaiy clinical dose is 
adequate to produce a conspicuous darkening of the skm visible to the naked 
eye The effect of pituitary extract on the dermal melanophores of the fiog 
18 thus the leverse of that which follows administration of adrenahn in the 
frog and both adrenal and pituitary autocoids in Fundulus if Spaeths 
observations on the latter are coriect 

2 The melanophore stimulant ol jituitaiy extiacts is inly slowly destroyed 
bv boiling with 0 5 per cent HCl it is hence not i leiitical with the pressor 
principle and in its slow destiuction by acid liydrolysis agrees with the 
oxytocic or uteiine principle 

3 That It IS not identical with histamine is show n both by the inefficacy of 
this drug to induce expansion pf the melanophores and by the readiness with 
which It 18 destroyed by tiyptic digestion it is not destioyed m a corre 
aponding manner by pepsin 

4 That the pituitary stimulant acts directly on the dermal melanophoies 
lather than on the nerve endings is indicated by the failure of apooodeme 
ati opine cuiare and cocaine to abohsh the reaction when 6 ul ministered in 
doses which on general grounds would be regarded as sulhcient to paralyse 
all nerve endings 

This research was carried out in Prof McBrides laboratory, acknowledg- 
ment 18 made to Prof MoBnde for his kindness in reading the MS , and to 
Ur H H. Dale foi generous assistance with leference to the literature 
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Relationships between Antiseptic Act/on and Chenncal Constitution 
mth special reference to Compounds of the Pyi idine, Quinoline, 
Acridine and Phenazine Senes.* 
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(From the Organic Chemistry Lalwratoiy, University of Leeds, the Bland-Sutton 
Institute of Pathology, Middlesex Hospital, and the Pathologiuil Depaitmeiit of 
the University and Western Inhimaiy, Glasgow ) 

Biological Section 

lu the couise of iiivestigatione on the antiseptic properties of certain 
basic benzene derivatives, it was shown that the niethochloride of 
diaminoacridine was very highly antiseptic, and that, unlike other powerful 
antiseptics then known, its antibacterial activity was not reduced by the 
presence of blood serum (Browning, Oilmour, Gulbransen, Kenuaway and 
Thornton, 2, 7). Diaminoacridine methochlonde had been prepared by 

* Tile work reported in this comnnniKSatiou was done with the support of the Medical 
Research Oouncil. 
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Benda (1) toi Hirlich and was named by them trypaflavm on aoq^unt of its 
[xiweifiil tlierapeutic properties in experimental tiypanosome infections We 
aie not aware that its action on bacteria had been investigated prior to the 
work recorded in tlie above papei (2) although Shiga (10) published almost 
simultaneously results of his investigations on its action on V fholenat The 
hydrochloride and sulphate of diaiuinoacridme were iheu found to be 
practically equal to the inethochloride in antiseptic piopeities and in efficacy 
of action in serum (8) In the case f these aminoacndinc substances the 
power of killing liacteiia is exerted slow ly thus with the inethochloride 
acting on ro/i in serum the oncentration i^hich proxes lethal in 2 hours 
(1 20000) 18 five to ten times greater than that required to produce stenhty 
after 24 hours on tin other hand mercuric chloride and carbohe acid pro 
duce then maxuniun effect within 1 lioiiis whether they be tested m a 
solution oontaining i minute amount of protein (0 7 per cent of Wittes 
ixiptone) 01 in a nch piotein inedinni such as serum The acridine com 
pounds tlicieloie niaj be said to act csiiecially as bacteriostatic agents (7, 8) 
Tins propel ty coupled with tlicii lelative iiinocuousness for maqimalian 
tissues as tested by toxicity for the living animal as a whole (4, 7) effect on 
pliagoc} tosis (3 7) and slight irntating action on the conjunctiva (7) suggested 
that these substances should be specially ipplicable for the purpose ol 
restiaining lucterial infections in the tissues Thus the inetliooblonde 
under the name of aciifiavine and the sulphate of diainmoaoridme base as 
proflavine found extensive use m the treatment of infected wounds during the 
late war and also in the treatment of such relatively accessible infections 
as gonorrhoea The present work recoids the investigations which have been 
made with tlie view of tracing the souice of the antiseptic property of 
diainmoaciidine compounds by examining substances which may be regarded 
as fragments of the aciidiue molecule The parent substance of the aondiuo 
denvativos is a compound of the following formula — 

4 0 6 

CH CH CH 

1 10 8 

Arridine 

tiiat IS a coiiibiuation of two benzene and a pyiiduie iing If the two side 
wings are removed a pyridine nucleus remains , if only one wing is detached, 
a quinoline nucleus results It seemed therefore possible that the antiseptic 
activity of aoriffavine (diamtno acridine methochloride) might reside either 
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in the pyridine or quinoline nucleus, reinforced by one or moj-e ainiuo groups. 
It IS for this reason that substances of this type were first examined 

In addition, a senes of acridine derivatives have been prepared and tested 
for their antiseptic power in order to determine, if possible, whether any 
law could be established lelating chemical structure and antiseptic 
action within the group Also, observations have been made upon 
phenazine compounds, on account of their close chemical relationship to the 
acridine group. 

Methods of UdinuUi/u/ Antiseptic I’oivei. 

The substance to be tested, in a volume not exceeding O'l cc, was added 
to 1 c c. of the culture medium, which consisted • (a) of a watery solution 
containing 0 36 per cent, sodium chloride, and 0-7 per cent bacteriological 
peptone, such as Witte’s, the hydrogen-ion concentration of the mixture 
being adjusted by the addition of caustic soila to yield a Pn value between 
7 2 and 7‘8 as indicated by the usual indicators, and (d) sterile ox seium, 
which had been previously heated for several hours at 56° , in order to 

destroy normal baotenculal power as well as accidental contaminating 
organisms. Serum, in viitue of its content in protein, has a powerful action 
in reducing the bactericidal effect of most strong antiseptics, at the same 
tune it represents the fluid constituent to which antiseptics in contact with 
the tissues are exposed, « ^ , in a surgically treated wound , serum also acts 
as a satisfactory culture medium for the two types of organisms employed, 
and is extremely constant in composition and reaction Honce, serum may 
be regarded as a highly suitable medium m which to test antiseptic action. 
The organisms emjiloyed in the tests were Staptn/lomms aureus and a 
single strain of JJ coh , the inoculation dose being 01 cc of a 1 1000 
dilution in saline of a 24 hours’ culture m jieptone water Experiments 
have shown that within wide limits the efficiency of the antiseptic, as 
tested by the method described, is practically independent of the size of the 
inoculum (3, 8). But inoculation with very large numbers of orgamams should 
be avoided, as these fail to maintain themselves in the medium even in the 
abeence of any antiseptic (3). In general, the following senes of ooncenti-a- 
tions of each substance was tested, I • 1000000, 1 400000, 1 : 200000, 
1 : 100000, 1 • 40000, 1 • 20000, 1 : 10000, 1 -4000, 1 • 2000, 1 . 1000 Thus, 
in examining any given compound, the effect of varying conoentmtions wew 
tested at the same time and with the same batch of meihuin and the same 
oultures of organisms. The mixtures were inciibaU‘d at 37° C. for 48 hours, 
and then the final readings were made , the oocurreuce of abundant growth 
was shown by the development of »turbidity m the previously clear medium, 
but subcultures frequently yielded growth from tubes which appeared to be 
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clear to tlie naked eye Accordingly m all cases the pieseuce ^ absence 
of living organisms was decided by sulicultunng each mixture on nutrient 
agar wbith was then incubated foi 48 houis at 37° G The results are 
lecoided nuniorically, the highest Loncentiation which perimtted vigorous 
growth and the lowest producing sterility as tested by subculture of a loop 
ful of the mixture on agar being given In certain cases there is a wide 
zone separating these two concentrations which indicates that the particular 
compounds are specially bacteriostatic in action and that concentrations 
considerably loss than that inquired to kill the bacteria still have the effect 
of restraining growth It is to lie noted that moie useful information is 
obtained by making subcultuies from the mixtures of antiseptic and 
organisms on a solid niGdiiim than in a fluid one as in the latter case it is 
not iKissible to detciimne any degree of action of the antiseptic short of 
complete sterilisation Ihe investigation has been complicated by such 
questions as effects due to differences in solubility and variations in dis 
sociation leading possibly to differences in hydrogen ion concentration of 
the solutions Ihus it has been found when examming particular com 
pounds that comparatively small variations m by drogen ion concentration 
may exercise a great influence on the antiseptic potency (Brownmg 
Gulbransen and Kennaway 6) With diaminoacndme metliochlonde in 
peptone water the concentration required to steiilise B colt when the Ph 
value of the solution lay between 4 and 5 was 1 2000 , within a range from 
6 to 7 1 10000 of the dye sufficed at 8 to 9 1 40000 sterilised, while 
at 11 a concentration of 1 200000 was sufficient In each case the 
medium with sinnlai reaction but without the antiseptic, permitted vigorous 
growth of the oigauisms In addition there is the further factor of 
variability in the behaviour of the bacterial culture With regard to the 
latter, it appears to be highly probable if not definitely established that the 
individuals m a given culture are not all equally susceptible to harmful 
influences , thus, irregularities are observed when a particular concentration 
of antiseptic is caused to act on duplicate samples of the same mfeoted 
material Tins has been drawn attention to by Kichet and Gardot (9), and 
has been observed also in our own work Further, the occurrence of 
variations in the culture from time to time can scarcely be excluded 
although no evidence has been obtained pointing to permanent or to 
regularly cyclic changes Repeated senes of tests earned out with a view 
to examining the action of diaminoacndme methochlonde on a smgle strain 
of B eoh m ox serum have shown the following variable results A con- 
centration of 1 1000000 and upwards, stenlised m 8 senes, 1 400000 
and upward^ stenlised in 17 series, 1 200000 and upwards in Ifl senes, 
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1 : ipOOOO and upwards, in 24 series, 1 ; 40000 in 2 series, and 1 40000 failed 
to sterilise in 1 series. With Staphylococcus aureus, however, the range 
of variation was distinctly less Accordingly, the nmnoncal values recorded 
here must be interpreted in the light of the above results (5) It should be 
noted, howevei, thatm comparing certain closely related comiiounds m which 
marked alterations in antiseptic power may be produced by relatively slight 
chemical differences, , the methochloride and the hydiochlonde of the same 
base, the two substances have been tested on the same occasion and with the 
same specimen of medium and. culture, thereby reducing as far as possible 
the action of uncontrollable factors 

Fragments of the Arruhne Molecule. 

Table I includes all the compounds tested, and comprises pyridine and 
(luinolino derivatives and dinaphthylimine The staking feature, in general, 
IS the low grade of antiseptic power shown by these bodies Thus, the 
hydrochlorides of quinoline [3], tetrahydroquiuohno [15], and the ariimo- 
quinolines (o [4], to [6], [8], and [10]), all failed to sterilise in dilutions 

exceeding I ■ 2000 eithoi in peptone water oi in seimii. 'I'lie inethocblorides 
of theaminoquinolines [7, 9, 11], except in the case of the ortho-compound [5], 
showed accentuation of antiseptic action in soium, as compared with the 
hydrochlorides of the corresponding bases, a charactenstic result which will 
be discussed in more detail when dealing with the acridine group. The 
hydrochlorides of «■ [17] and /9-naphthoquiiioliuc [19] were slightly more 
active • No striking difference could be established between these and their 
tetrahydro-derivatives [22, 23] Diamino y9-naphthoquinoliiie [24] also 
showed no enhanced efficiency. The mcthochlorides (or mcthosiilphates) of 
both naphthoiiuinoliiies [18, 20, 21] and ot diamiiio-/9-naphthoquiiioline [25] 
showed intensified action in serum The 8-hydroxyquiuoline sulphate [12], 
long known as an antiseptic under the name of "chinosol,” is included for 
oompai 18011 , its activity foi Staphylococcus aureus contrasts with the slight 
effect of hydioxy acridine compounds [67] and of the aminoquinoline com- 
pounds as antiseptics, but it is very weakly antiseptic for 11 roll. On the 
other hand, it is i-emarkable that the methochloride [13] and metliopicrate [14] 
of the base do not show enhanced action. !•! dinaphthyl-2 2 imine [28] 
exhibits great discrepancy between its powerful aotion on staphylococcus and 
lack of effect on II. coli, which is similar to that exhibited by the triamino- 
triphenylmethane compounds, hexa-methyl and ethyl-violet. But the most 
striking obaraoter of this substance is the reduction in action produced by 

* Previous results recorded for a- and jS-nsphthoquinoline were ohtamed with less pure 
preparations (see ‘Journal of Pathology and Bactenotegy,’ vol 24, p. 127 (1921)) 
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Dmaphthyliinme 

(In this and subeequ^nt Tables + indicates that free growth ot the oigaiiisnis occuired m the concentration of 


334 Mr C H Browning and others Relatvmshxps between 






13 S^jtfaoxjquiDoliae anlphato ( ‘ 

18 S-kydbroxjquiiioluie metboehlon 

14 S-kydroxyquiiioliM methopimt 


Anttse^tie Action and Chemical Constitution 


335 


+I+I+I+I+I+I+I+I+I+I+I+I+I+I+I+I t 









336 Ml C H Browning and others Relationships hetwen 

serum thus 1 2000000 sterilised staphylococci m watery mediuBi^ hut 
I 1000 failed to kill these organisms in serum This is the most extreme 
reduction obsei ved in the case of any suhstanoe being twenty times greater 
tlian the reduction effected by serum on mercuric chloride 

So far therefore it has nut been possible to obtain any fiagment of the 
molecule which equals or even approximates closely to diammoacridme in 
antiseptic properties 

A nfhtu Oimtp 

The substances which have been test d are included in lable II The 
follow ing general conclusions may be drawn from the results — 

Actvynof the Amino Gioitpa — The introduction of ammo groups enhances 
the antiseptic potency both tor Stap/iylococcvi auiais &i\d B coli ef acndine 
[29] and diammoacridme [35] dimethylacndme [ 1 ] and diammodimethyl 
acridine [48] 

Effective uss in htium — Effectivemss m seium is i chai actenstic of the 
compounds with uiisubstituted amm > groups and especially of the metho- 
ohlondes of these bases The further intro luction into the di ammo compounds 
of a phenyl gioup attached to the medial carbon atom (m position 9) has 
however a markeil effect m diminishiug the action in seium this is exhibited 
both in the case of 2 7 diainmo 3 6 dinicthylaori line [48 — 51] and 2 aramo- 
i methylnaphthacndiuo [5S — 61] On the other hand the mothochlonde of 
9 pheuylaoridine [ 12] is more active than that of acrtdme [30] 

Comparison of the Antistptic Poi ei of the Methochloi vie ami the Hydro 
hlonde of the sa; le Boat — The methochlonde (or raethosulphate or metho- 
nitrate; is nevti less potent than the hydrochloride in the presence of serum 
and 111 some cases tlie increased effectiveness shown by the methochlonde is 
very remaikable ej 2 7 tetraethyldiammoacndme [66, 66] 2 7 diaimno- 
3 6 dimethyl 9 phenylacndme [60 61] 2 ammo 3 methylnaphthacridme [68, 
69] 2 dimethylammonaphthacridme [62 63] In the case of the simplest 
member of the ammo series 2 7 diammoacridme [36 36],* and where the 
substituents are directly attached to the outer rings as in 2 7 diammo- 
3 6 dimethylacridiue [48 49] the hydrochloride and the methochlonde are 
practically equal m antiseptic power It is noteworthy however, that when 
the antiseptic power of diammoacridme is diminished by substitution of ethyl 
radicals m tlie amino groups the enhanced action ot the methochlonde [56] 
over the hydrochloride [65] again becomes apparent So far no rational 
explanation of the enhanced efficaoy of the methochlonde has suggested itself f 

* rhi« result has been obtained with carefully purified specimens of these compoanda 
t The obeervations of Crum Brown and Fraser on the change produced in the 
pharmacological action of alkaloids when a methyl group is attached to a nitrogen 
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The hydrochlorides f certiain of the compounds leqiiire the presence of a 
slight excess of hydrochloric acid in order to effect solution r 9 in the case of 
9 phenylacndine [31] anl 2 ammo 3 inethylnaphthacndine [58] but the 
enhanced effect of the methochlondes [32 59] ovei the respective hydro 
cl lorides [31 68] is not to be ascribed to the higher hydrogen ion ooncen 
tration of the solution of the latter since the addition of 1 ydrochloric 
acid to the methochloride so as to produce a solution of similar reaction di 1 
not reduce the antiseptic powei to that if the hyiroehlondc The com 
parative effects of the hydrochloride and the methochloiide of the same I ase 
in peptone water show a much less legular behaviour 

Ths Substitution of other RaduMs for the Methyl Group in Diam.ii oa i lire 
Methochloiide — The following were examined ethyl [37] propyl [38] i [39] 
and ISO butyl [40] iso amyl [41] phenyl [42] benzyl [43] also the chi 1 
acetate [44] chloropropionate [45] and chloroacetanilide [46] lenvatives 
The result was that within the hraits of experimental variation these c ii 
pounds are practically identical with tie methochloride [36] in then 
antiseptic power for both organisms 

The Substitution of Alkyls in the Aiuno Oioups — Tetramethyl [52] anl 
totiaethyl diamiuoacndine [5o] hydrochloride anl also the methochlondes 
[63 66] and methonitrate [54 57] were investigated The tetramethyl hydro 
chloride [62] while practically equal to unsubstituted diaininoucridme [36] 
in its action on Staphylococcus aureus was distinctly inferior for B coli both 
in peptone water and in serum The tetraethyl compound [56] was still 
weaker thus with the latter the stenlising concentration for staphylococcus 
in peptone water was 1 100000 and in serum 1 10000 while for B roll a 
concentration not less than 1 1000 was required The method loride [63] 
and methonitrate [54] of the tetramethyl compound were practically equal to 
the hydrochloride also as in the case of the unsubstituted diammoacndine 
the effect in seiura with the hydrochloride and methochloride was practically 
equal On the other hand the methochlonde [66] and methonitrate [67] of 
the tetraethyl compound were much more active in serum than the hydro 
chloride 

Qi oups which interfere with Antiseptic Action — As has been shown above 
the mtroduction of methyl and ethyl groups into the amino radicals depresses 
rathei than enhances the antiseptic potency [62 60 as compared with 36] 
thus contrasting with the effect of similar substituents in the diamino and 
atom, thus converUng the compound mto a quaternary baae should be recalled m this 
connection ( Trans. Boy Soc. Edmbui^h vol SS, pp. 161 093(1868-69) ‘Proc Boy 
Boo, Edinburgh to! 6 p 666 (1868-^) X It baa been diown, however by Lena that 
diaminoacridme methochloride is totally devoid of curare action, either in cold or warm 
blooded animals ( Zeiteohr f d gesamt expenm Med voL IS p. 196 (1981)) 

VOL. xcni — B. 2 B 
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tnammotnphenyhnethane dyes (2) The substitution of one hydrogen .^tom m 
each of the ammo groups by acetyl radicals practically abolishes the anti 
septic action eg the stenlisii g concentration of 2 7 diammoaoridine chloro 
acetate [44] for Staphylococcus auieus in peptone water was 1 100000 and in 
serum 1 200000 and for B coh ip peptone water 1 20000 and m serum 

1 400000 on the other hand with the diacetyl derivative [64] a concentra 
tioii of 1 2000 tailed in each case to sterilise 

Ihe carboxylic esters of 2 7 diamino 9 phenylaciidine [66] and of 2 7 tetra 
methyl liamino 9 phenylacndine [66] were s weak as to suggest a marked 
depressmg effect of the carboxyl group on the antiseptic property 

The replacement of the ammo grou} s by hydroxyls also led t practical 
abolition of antiseptic powei as is shown in the case of 2 7 dihydroxy 
3 6 dimetl ylacridme of which both the sodium salt [67] and the metho 
chloride [68] were teste 1 

Comparatiie Fficiency fo^ Staphylococcus aureus and B coli — Antiseptic 
potency for Staphylococetis aureus and B coh does not invariably run parallel 
thus the lethal concentration in serum for staphylococcus is 1 100000 r 
lower in the case of 2 7 diammoacridme hydrochlonde (or sulphate) [35] and 
methochloride [36] and other analogous derivatives [37 46] 2 7 tetramethyl 
diammoacndme hydrochloride [52] methochlonde [53] and methonitrate [54] 

2 7 diammo 3 6 dimethyl acridine hydrochlon le [48] and methochlonde [49] 

2 7 tetraethyldiammoaondme methochlonde [56] and methonitrate [67] 

2 7 diammo 3 6 dimethyl 9 phenylacndine methochlonde [51] 2 ammo 

3 methylnaphthacndine methochlonde [69] But in the case of B coh only 
the hydrochloride methochlonde and analogous derivatives of diammo 
aendine [3o-46] and of diaminodimethylaondme [48 49] and the metho 
chlonde of 2 amino 3 methyl naphthaondine [59] reach this level of 
effectiveness 

Phenaxine Senes 

The sinking feature of this series (see Table III) is the relatively poor 
antiseptic power exhibited by the aimno compounds m serum especially tor 
B coll The only compounds exactly comparable with the aendme series are 
those of the phenazme base [69 70] 2 7 tetramethyl diammophenanne 
[80 81] and 2 7 diammo 3 6 dimethylphenaane [86] The enhanced effect of 
the metho-compouuds as compared with the hydrochlondes of the same base 
IS evident in the phenazme senes but is not so striking as with certain of tiie 
diammoacndme denvatives 

The relatively greater efficiency of the methochlonde of 2 dimethyl 
ammo-7 ammo 6 methylphenazme [84], as compared with 2 dimethylammo 
7 ammophenazme [76] and of 27 diammo 3 6 dimethylphenazine [86] as 



Table III — Antieeptac Action of Phenazine Senes in Serum 
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compared with 2 7 diamino 6 methylphenazine [86] suggests that methyl 
groups attached directly to the benzene rings may play a part in enhancing 
the antiseptic power in this series For Staphylotoccua aureus in serum 
the methochlorides of 2 dimethyl ammo 7 amino 6 methylphenazine [84] 
2 7 diamino 3 6 dimethylphenazine [86] and 2 ammonaphtho 7 ammo 
6 methylphenazine [87] are powerful antiseptics practically eciual to th« 
most potent of the acndine senes on the othei hand they are markedly 
infenor to the lattei in their actton on B eoh 

It cannot be said that the behaviour of the phenazme series throws any 
clear light on the antiseptic properties of the diaminoacndme group 

< HKMICAL SarxioN 

Ammo By idine Dettvalives [1 2] — « A^nitio py uiine was obtained by the 
method of Ischtschibabm and Leide * It melted at 7 68° as stated by the 
authors of the process By heating with a slight excess of acetic anhydiidt 
and some fused sodium acetate it was converted into the acetyl deuvativc 
which solidified on pounng the product into water To purify it it was 
lissolved in benzene filtered from sodium acetate and the benzene rein jve 1 
by distillation It melted at 72° The acetyl derivative was warmed with 
methyl sulphate when the mixture heated spontaneously and on coohng 
solidified to a pasty crystalline mass which was drained on a porous plate 
Ihe product on boiling with cone hydrochloric acid and evaporating was not 
the inethoohlonde as it contained no chlorine but probably un lecomposed 
methosulphate When aminopyndine wais heated m methyl alcohol solution 
with 4 molecules of methyl iodide in the watei bath m a sealed tube for 
6 —7 hours it was converted into the dimethylamino pyridine methiodide whicl 
separated on evaporating the methyl alcohol in brown crystals of the penodide 
On dissolving the penodide in watei iodine separated and the methiodi le 
passed into the solution which is colourless On evaporation undei 
diminished pressure the methiodide separate I in fine colourless needles which 
turned yellow in the air On analysis the compound gave oO jer cent of 
iodine fcalculate 1 for CsHsN (CH8)sCHjI I = 48 1 per cent ) The constitu 
lion 18 therefoie repieseiilel by one of the following formuI,e — 



oOi 


* J S C I Aim Rephri 1816 p 868 
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[4-11.] The Amitioquinohnes and the Methochlondes — The o, m.-^and a 
aininoquinolines were prepared from the corresponding mtroquinohnes by 
leduction, the latter being obtained from the mtranilines by Knueppel’s 
modification of Skraup’s method* in which anhydrous arsenic acid is employed 
as oxidising agent. The m-nitraniline gives rise to two nittoquinolines, tht 
Ttiela and ana derivatives, which were separated by crystallisation from alcohol 
in which the ana-compound, m p 65°, dissolves more readily than the meta 
mp 132 4° In this way the rneta-compound was obtained quite pure, but 
the ana-compound after repeated crystallisation melted at 48-50° 

The leduction of the o- and p nitroquinolines was effected by a mwlihcation 
of the piocess described by Knueppel with iron and hydrochloric acid The 
product in the case of the ortho compound was evapoiatod to dryness and the 
resitlue extracted with alcohol in which the hydroclilonde dissolves The 
solution was made alkalme and distilled in steam The distillate was acidifietl 
with hydrochloric acid and evaporated to drj ness The base was separated 
by adding caustic soda and extracting with ether On removing the ether 
the base separated in almost colourless crystals, which after lecrystnllisation 
melted at 66° In the case of the para-compound, the product aftei 
reduction was made alkaline and extracted with ether It melted at 108° 
The m- and a-compounds were reduced with tin and hydrochloric acid 
Calculated quantities of the materials wore introduced into a flask and heated 
for a short time in the water-bath until the reaction began when tlie flask 
was removed and if necessary cooled The tin double salt of the meta-com 
pound, which crystallises on coolmg, was sepaiated, decomposed with excess 
of alkali and extracted with ethei The product crystallised from alcohol, 
melted at 188-190° In the case of the ana-compound the double salt does 
not separate readily and the solution was, therefore, concentrated on the 
water-bath The base was extracted with ether after the addition of alkali 
and on crystallisation from alcohol melted at 107° The acetyl deiivatives 
weie prepared by boiling gently for j hour 1 grm of the base with 1 grm 
of fused sodium acetate and 4 cc of acetic anhydride After cooling, water 
was added and then ammonia gradually until alkaline when the acetyl 
derivatives ciystallised They were reciystallised from dilute alcohol or 
watei from which the m-, p- and a-oompounds separated in colourless 
plates or flattened pnsms , the o compound had a faint yellow coloui The 
following are the melting points — 


‘Ber ; vol 29, p 703 (1806) , ‘ Annalen,’ toI 310, p 75 (1900) 



Ant%9ept\c Actum arid Chermccd Constitution. 


345 


o-Aoetyl ammoqumoline 103° 

m- „ 161° 

p- , 138° 

a , 178° 


By boiling each ot the above with a little cone hydrochloric acid and 
concentrating the solution, the pure hydrochlondes crystallised with a brown 
or yellow colour and were filteiod and washed with alcohol 

The hydrochloride of the m compound dissolves in water or alcohol with a 
bright green fluorescence All the hydrochlorides combine with pitassuim 
cyanate and form orange crystalline oarbamido derivatives 

The methochlorides were obtained from each of the acetyl derivatives by 
dissolving the substance in three to four times its weight of freshly distilled 
nitroben/one and heating the solution to 160° Bather more than the calculated 
quantity of dimethyl sulphate was then added and after a minute the mixture 
was removed from the bath A portion of the mcthosulphate crystallised and 
the lemainder was precipitated by adding ether After standing for a time 
the nitrobenzene was removed as far as possiole by washing with ether by 
<lecantation and then evaporating the ethoi by a current of air A few cubic 
centimetres of couc hydrochloric acid were added and the mixture boiled for 
i hour The solution was couceutiated on the water-bath The o and a 
compounds separated on cooling in brown crystalline crusts the m and com 
pounds weio crystallised from the hydrochlonc acid solution by the addition 
of alcohol and separated m bright yellow needles The methochloride of the 
meta compound dissolves in water with a green fluorescence like the hydro 
cliloiide The other three hydiochlondes and metliochlorides exhibit no 
fliioiescence 

[1413] ^ Hydi oxyquinolme viethopicrate and methochlond — These sub 
stances were prepared from the sulphate of the base (Chinosol) as follows — 

The base was separated from a solution of the sulphate by adding ammoma 
filtering and washing with water It was then dried and heatetl for an houi 
with one part of fused sodium acetate and tour parts of acetic anhydride 
On addmg water and a little ammonia until alkahne the acetyl derivative 
crystalhsed in long colourless needles m p 75-7° after recrystalhsation from 
dilute alcohol The substance was then dissolved in a little toluene and an 
equal weight of methyl sulphate and boiled for an hour when the yellow 
crystedhne methosulphate separated The toluene was decanted and the dry 
residue boiled with oono hydrochloric acid In this way a reddish solution 
y as obtained from which the methochloride did not crystallise nor was the 
base precipitated by ammonia One portion was, therefore evaporated to 
diynessand formed a greenish yellow solid which » very soluble in water and 
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could not be obtained in the crystalline torm from othet solvent^ Tu a 
second portion piortc acid was added which precipitated the picrate in yellow 
clusters of microscopic needles 


/\>/\ 




8 H^droiyqDiDoIine methoehlondp 


[15 ] Tetrahydrwiuinohne was prepaied accordinj^ to the method of Hoffmann 
and Konigs * by reduction with tin and hydiochloru acid The hydrochloride 
crystallised from alcohol in colourless needles m p 181-2° 

[16] Methyl tetrahydi oqmnohm methioiluh — Tetrahydroquinoline obtained 
from the hydrochloride (2 grra ) was mixed with 14 grm of methyl iodide at 
the ordinary temperature A clear pale orange solution was obtained from 
which oily drops separated and gradually solidified to a crystalline mass The 
product was warmed on the waiei bath with reflux for about 1 hour and left 
overnight at room temperature The excess of methyl iodide was then driven 
off and the yellowish crystalhne mass dissolved in water and filtered To the 
filtrate ammonia was added until alkaline and the nieth}! tetrahydroquinoline 
extracted with ether The aqueous solution was evaporated nearly to dryness 
on the water bath and cooled The soIkI residue was pressed on a porous 
plate and then extracted with alcohol On the careful addition of ethei the 
methiodide was precipitated in colourless needles m p 171-2° 

CH, 

CO'e. 

\CUj 

ciC^i 

Methyl tetnhydroqainoliDe i> tl iodide 


[17 ] et-Ifaphthoquinoline was prepared by Xnueppel s method f applied to 
a naphtbylamine by Claus and Imhoff J It was purified by crystallisation 
from petroleum ether and formed colourless needles m p 45° The metho- 
sulphate was prepared by dissolving the naphthoquinoiiae in benzene and 
adding an equal quantity of methyl sulphate and heating on the water-bath 
for a short time Pale yellow needles of the quaternary compound sepaiated 
which were filtered and dried 

Jhe methochloiide was obtamed by adding cone hydrochloric acid and 
♦ ‘ Ber vol 16, p 728 (1883) 
t ‘ Ber , vol 29, p 703 (1886) 

I * J prakt Ohero , vol S7, p 68 (1898) 
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boiliug itn a short time, on adding alcohol and cooling the compound 
ciTStalllfled in oolourleM needlea 


OH,0 80, Ov vv 

c>n 



a Kaphthoqulooline 
methoaulphate 



Naphthoquiuoline 

metbochlonde 


[20 21 ] /9-Naphthoquinohne waa obtained by the method described byClaus 
and Besaeler,* and purified by crystallisation from petroleum ether It 
crystallises in pale yellow leaflets, m p 93° It was converted into the metho- 
sulphate and chloride (as described under a naphthoquinolme), r/ the following 
formula — 


a 

rrY 


< OS( 
CH. 


S Naphthoquinolme 
methoaulpliate 



\/\/ 

S NapI thoquii ohne 
inetboohlonde 


[22] Teirahydro a Tutphthoqmmhne was obtained as ilescnbed by 
Bamberger, t by the reduction of « naphthoquinolme with tm and hydio 
chloric acid Ihe base waa piecipitated from ethereal solution by hydrogen 
chloride as a crystalline mass which was purified by re crystallisation from 
alcohol acidified with hydrochloric acid After bemg decolourised with animal 
charcoal the hydrochlonde of the base was obtained in colourless needles, 
mp 257°-8° 

[23 ] Tetrahydro ^-'naphthoquinolme waa prepared from the /8 compound as 
above in the form of colourless, lustrous leaflets m p 23 1° 

[24] Dtamino - ^ - naphthoquinolme — hive grma of /S- naphthoquinolme, 
with 6 grms potassium nitrate and 20 o c cone sulphuric acid, were heated on 
the water-bath for 3 hours The mtro-compound was poured on to ice aud 
washed with cold water It was then wanned on the water bath with dilute 
ammonia, which dissolved a brown coloured substance The product was 
filtered and dried and crystallised from nitrobenzene It melted at 2 J0°-246°. 
On a second crystallisation it melted at 246°-247° On analysis, 

0 16 grm gave 21 6 cc moist N at 18° and 747 6 mm N aa 16 1 per cent 
Calculated for Ci 8 H 7 N(NO»)» , N = 16 6 per cent 

♦ ‘ J prakt Chem ,’ vol 67, p, 49 (1898). 
t <Ber,’Tol 84, p 8476(1^1) 
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The dinitro-compoimd was reduced with tin and hydrochlonc'iwid On 
oooling the double stannic chloride salt crystallised and was filtered, dissolved 
in water and the tin precipitated by hydrogen sulphide From the filtrate 
the base was precipitated by sodium hydioxide It formed pale yellow plates 
m p 260“ 1 1 18 very unstable and oxidises in the air 

[26 ] 1 4 Naphtha dipyndtne (BenzophenarUhrohite) was prepared from 
1 4 naphthylcne diamme by Karrer s method • The diamine was obtained 
by the reduction of benzene azo a naphthylamme with zinc dust and acetic 
acid , 14 J grm of a naphthylamme gave 21 6 grm of naphthylenediamine 
sulphate from which the base was obtained mp 118° The naphtho 
dipyridme was purified by crystallisation from a mixture of benzene and 
petroleum ether and separated m long pale yellow needles, m p 160^-164° 



1 4 Naphtho di| yndine 

[27 ] 1 5 Naphtho dxpyndtiu — The 1 5 naphthylenediamine was prepared 
by the reduction of 15 dinitro naphthalene with stannous chloride and 
hydrochlonc acid The naphtho dipyiidine compound was obtained as 
previously desciibed and crystallised from benzene in nearly colourless 
needles mp 214°-2l'"‘’ It combines with methyl sulphate in hot benzene 
solution from which }ellow needles sepaiated on cooling 


ri 



1 6 Naphtho dipjndme 

[28 ] 11 Lhnaphthyl 2 2 ttmtie was prepared by the method desenbed by 
Meisenheimer and Wittef from naphthylamme The latter was converted 
into azonaphthalene which was reduced with zinc dust and acetic acid In 
this way 2 2 diammo-1 1 diuaphtbyl was obtained m p 191° , 2 grms of the 
diamino dinaphthyl hydrochloride weie heated m the oil bath to 240°-250° 
* Maickwald, ' Annalen, voL 274 p 360(1803) 

+ ‘B«r Tol 36 p 4164(1903) 
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foi 6 minutee The cold fused mass was extracted with alcohol, poured into 
water, and the colourless precipitate filtered The yield is nearly theoretical, 
and the product melted at 157° 

03" 'tC' * CCr"O0 

Dmintno dinapliUiyl Dmaphthylimine 

AcndiiM Deiivativea [10] Acrtdtne MethoefUoride — Acridine base was 
precipitated from pure acridine hydrochloride by the addition of ammonia, 
filteied and dried 1 5 grms was dissolved m 7 grms of nitrobenzene heated to 
160°, and 1 7 grms of methyl sulphate added, and, after 1 minute tooled 
Yellow prisms of the methosulphate separated and were filtered and washed 
free from nitrobenzene with ether The methosulphate is soluble m water, 
and from the solution the methoxide was precipitated with ammonia and 
orystedlised from alcohol in which it is much less soluble than acridine It 
crystallises in colourless plates, m p 140° It dissolves readily in hydro 
chlonc acid and the methochloride crystallises on concentration It may be 
re-crystalbsed from alcohol and ether It is very soluble m water, to which 
it imparts a green fluorescence 

[32] d Phcnylac-ndirK methocldomle — 9-Phenylacridine was prepaied by 
the method of Berntlisen* 60 grms of benzoic acid and 70 grms of diphenyl 
amine gave 35 grms of phenylacndine m p 183° To convert it into the 
methochloride the above method was adopted The methosulphate does not 
separate on cooling, but on adding ether a brown oil was precipitated, which 
soon solidified The ether solution was decanted and the methosulphate 
washed with ether Concentrated hydrochloric acid was then added and the 
mixture boiled gently for a short time, when, on cooling the methoohlonde 
separated in green leaflets, which readily dissolve in water with a yellow 
colour 

[33 ] 3 6 Dtmethylaendtne was prepared according to UUmann’s method f 
It crystallises from dilute alcohol m yellow needles, m p 171°, which fluoresce 
in solution with a blue colour 

The action of ethyl iodide on acnflavme m ethyl alcohol was examined with 
the object of obtaining the tetraethyl derivative The mixture heated to 
100° for 6 hours in a sealed tube gave a red crystaUine product, which 
appeared to be a penodide Its antiseptic action was inferior to that of 
aonflavine and it was not further investigated It is recorded m the Table as 
aorifiavine +OsHtI 

* ‘Aanaleii,''voI 8M,p 13(1884) 
t ‘ Ber ,’ vol 38, p 1017 (1803) 
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[30-43] 21 DwninoacndvM Alkyl Chlonda —In order to study the 
relative antiseptic action of the quaternary alkyl denvatives o? ()i4imno- 
acndine in addition to the methochlonde (aonflavine) the ethyl propyl 
n butyl isobutyl isoamyl phenyl and benzyl chlorides were prepared having 
the following general formula — 



The alkyl chlorides were obtained by the following method A weighed 
quantity of sodium was dissolved in the alcohol corresponding to the required 
alkyl compound and the theoretical amount of p toluene sulphonic chloride 
added After standing for a time the product was shaken two or three tunes 
with water The washed product was dissolved in ether dried over calcium 
chloride the ether distilled and the residue heated in vacuo on the water 
bath In this way the alkyl p toluene sulphomc esters were obtained in the 
form of pale yellow oila 

CH» CeH 4 SO,Cl+RONa = CH« C,H 4 SO.R+NaCl 
About 1 gnn of each ester was allowed to react with an equivalent weight 
of diacetyldiaminoacndme in mtrobenzene solution at 160°-160° The 
product in each case was hydrolysed with cone hydrochloric acid whereby 
the alkyl chloride was obtained 

The benzyl chloride compound which was prepared in a similar way was a 
reddish brown crystallme substance and on analysis 

0 162 grm gave 0 132 grm AgCl Cl = 21 6 per cent Calculated for 
CfcHuNjClj Cl = 19 2 per cent 

The phenyl chloride compound was obtamed by dissolving phenol in the 
calculated quantity of sodium hydroxide solution to form sodium phenate 
The equivalent amount of p toluene sulphonic chloride was then added and 
the mixture boiled for about half an hour and cooled The phenyl p toluene 
sulphonic ester which separated was reorystallised from alcohol and melted 
at 96° It was transformed into the aondine pbenochloride m the following 
way About 10 per oent more than the theoretical amount of the ester 
was added to the acetyl diammoaondme dissolved in nitrobenzene and heated 
tor 5 minutes to ISO^-IGO” The product was cooled to 106*’ when 6 c. 0 . of 
cone hydrochloric acid was added and the mixture mamtamed at 100^ for 
another 6 minutes and cooled to the ordinaiy temperature The mtro- 
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benzene was decanted from the phenocblonde which separated, and the 
lattei boiled with a little more cone hydrochloric acid cooled and the 
crystalline product filtered washed with cone hydrochloric acid, and finally 
with ether 

[44] 21 DmmiiMaoidxrie CMmoacetate — About 1 grm of diacetyl 
diaminoacridme was dissolved in about 50 co of nitrobenzene and heated m 
a metal bath to 140°-160° An equivalent amount of chloracetio acid was 
added and maintained at 140°-160° for about 10 minutes On coolmg 
yellow crystals separated which were filtered and washed with ether The 
substance was readily soluble m water On analysis 

0 1486 grm gave 0 065 grm AgCl , Cl = 9 0 per cent Calculated for 
C’uHnNaOiCl , Cl = 9 06 pei cent 

On boihng the diacetyl derivative with cone hydrochloric acid red 
crystals were obtained which were purified by dissolving in water and 
reprecipitating with cone hydrochloric acid 

On analysis 

0 141 grm gave 0 127 grm AgCl , Cl = 22 2 per cent Calculated foi 
CiaHijNiOjClj Cl = 20 9 per cent 




[46 ] 2 7 Jhamtnoacndine ChloracetaniiuU was prepared by adding an 
equivalent of chbraoetaniUde to diacetyl diaminoacridme m mtrobenzene 
(1 grm gf the diacetyl derivative m 60° oc of nitrobenzene), heated to 
140°-160° and maintained for 6 to 10 mmutes On coolmg, an amorphous 
brown precipitate separated, which was faltered, washed with ether, and 
boiled with oono hydroohlono aoid Brown crystals were obtamed and 
were purified by dissolving them m water, and reprecipitatmg with cone 
hydrochloric acid 
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On analysis ^ 

0130 gnn gave 14 5 cc N at 16° and 767 mm N = 13 pei cent 
Calculated for C 3 iHi#N 40 Cl* N = 13 4 per cent 
Ihe compound has therefore the following formula — 



C.HjNU CO CHj Cl 

[46 ] 2 7 Dvamxiioaciidvnt Chloropropumate was prepared like the chlor 
acetate and was purified by crystallisation from concentiated hydrochloric 
acid 

[48 ] 2 7 Ihamino 3 6 dimdh yl xcndine (Acridine yellow) was prepared 
according to the method of Ullmann and Nief* and Ullmann and Mane4 
To purify it it was ground while moist and warmed on the water bath with 
sufficient sodium hydroxide to render the mixture alkaline after cooling it 
was filtered washed and pi eased down The moist precipitate was then 
dissolved in a small quantity of glacial acetic acid and whilst hot a little 
cone hydrochloric added gradually until the solution changed to a deep red, 
when water was added till tuibid and cooled The hydrochloride separates in 
fine prismatic deep orange or red crystals which dissolve m water with a green 
fluorescence 

[49] 2 7 Ihamxno 3 6 dvmethylacrvdxTU methochlonde — The hydrochloride 
prepared as above was precipitated as the base with sodium hydroxide 
filtered washed and thoroughly dried m a vacuum desiccator and then 
conveited into the diacetyl derivative 36 grms of the base were mixed with 
13 grms of acetic anhydride in a small flask furnished with an air condenser 
and boiled gently for i hour The substance gradually dissolved It was 
diluted with water and to the cooled solution just sufficient ammonia was 
added to decompose the anhydnde and precipitate the acetyl denvative 
After filtering washing and drying it was extracted with a httle absolute 
alcohol which removes a small quantity of a pale yellow substance. 1 grm 
of the acetyl denvative was dissolved m 10 grms of mtrobenzene, heated to 
170° and 08 grm of methyl sulphate added On coolmg, the mixture 
solidifies to a crystalhne mass which was filtered and washed free from nitro 
benzene with ether The orystallme residue was boiled with cone hydro 
chlonc acid for ^ hour, when nearly the whole dissolved with a deep red 

* *Ber, Tul 33,p 918(1900) 
r ‘Ber vol 84, p. 4806 (1906) 
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colour It was filtered and cooled Iho iiicthochloridc separates in brown 
glistening plates, which dissolve in w itoi but iie less soluble in dilute hydro 
chloric acid It dissolves in alcohol with green fluorescence 

[67] 21 Dthydrod-y Z ^ dvmethyl (uruhnt — The ( onipourid was obtained 
from tetramethyl diamino ditolylmcthano by the method ot Ullinaiin and 
Fitzenkam* 



It was converted into the diacetyl derivative by boiling with acetic anhydride 
and fiiseil scxlium acetate 

[68 ] 2 7 Dihydroryij 3 6 dimethyl aci i hne mefhochlortde — The acetj 1 tlei iva 
tive was dissolved m toluene and to the solution an excess of methyl sulphate 
was added and the mixture 1 oiled On standing orange needles sepaiated and 
were filtered and washed with toluene On heating the substance with cone 
hydrochloric acid on the water batli it first dissidved and then suddenly 
formed a pasty mass of clusteis of lemon yellow needles of the inethochloride 
The crystals were filtereil and washed with cold water and then with alcohol 
In the latter it dissolves slightly with green fluorescence It lissolves to 
some extent also in hot water with a yellow colour and is leadily soluble in 
ammonia and sodium hydroxide solutions 

[50 ] 2 7 Diammo 3 6 dimethyl 9 phenyl aoidine (Benzoflavine) was prepared 
according to the method ot Meyer uid Giossf It was purified by pre- 
cipitating tlie base with ammonia diss dving the filtered, waslied and well 
pressed base in glacial acetic acid adding cone hydrochloric acid and <hluting 
until a permanent turbidity was formed The hydrochloride separates in red 
crystals 

[61 ] 2 7 Diamino 3 6 dimethyl 9 phenyl acivUne inethochloride was obtained 
by the method employed in the case of acridine yellow by heating the dry 
base with acetic anhydride and methylating the acetyl derivative with methyl 
sulphate On hydrolysis of the raothosulphate with hydrochloric acid the 
methochloride separates in bright red needles In the absence of hydro- 
chlono acid, it dissolves m water and on cooling gelatinises 

[62 ] 2 7 Tetraviethyl dmmino-acndine (Acridine orange) was obtained by 
the method of BehringerJ and Ulliiiann and Mane § Tetramethyl-diammo 


♦ ‘Her, vol 38, p 3787(1805) 

+ ‘ Ber ,’ vol 3?, p 2366 (1899) 

I ‘ J prakt Chem , vol 64, p 240 (1896) 
§ ‘Ber,’ vol 34, p 4307(1901) 
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diphenylmethane prepared by the action of formaldehyde on dimethyl aiuline 
111 preaence of dilute sulphiuic and was nitiated m the cold with potassium 
nitrate and cone sulpliune acid and the piiiifecd dinitro denvate, in p 141°-2®, 
reduced with stannous chloride Aftci reduction the base m p 141°-2° 
was jirecipitated with caustic soda and extracted from the stannous 
hydroxide witli alcoliol Tt was coiivuted into the acridine compound rap 
181° 2° as described nndei tetr lothyldianiino acridine (see below) and the 
latter into the uicthosuljib ite I r mi the solution of the methosulphate 
potassium nitrate piecijutates the niothouitrato in led needles from which the 
methoxide was obtaintd is a liyfiiosuopic mass on the addition ot ammonia 
Ihe methochloiide is too soluble and hygiosc »pio to be separated, and closelj 
restinbles the coiiespondiiig cthjl dcii\ itivc described hi low 

[5a] 2 7 lilraetkyldutmuio nni/ite was prepared by the above method 
using dieth}luniIino in phee ol diincthylaniline The tetraethyldiamino 
diphenyl luetliant is a colourless lifpnd which hods at 286°-290° at 10 min 
and 30')°- 310° it 20 mm piessure Ihe yield from 100 grms of diethyl 
aniline was 50 grm of the diphenylmethane deiivative On nitration it 
framed a diuitio derivative which crystallised from acetic acid in orange red 
plates ra p 118°- 1 1 9° The latter was leduced with tmand hydrochloric acid 
and the tin partly removed hy liydiogen sulphide The filtered solution on 
cvapoiation left a colourless resinous mass of the hydrochloride which 
contained some tin salt 2 ginis of the hydrochloride were heated with 
4cc of cone h3diochloiic acid diluted with 12 co of water at 140° for 
6 hours in a sealed tube Ihe red coloured contents of the tube were 
extracted with boiling water in which they dissolved leaving very httle 
residue and to the hot solution ferric chlorule solution was added until no 
more precipitate was formed After the addition of a solution of common 
salt, which throws down a further quantity of the acridine compound, the 
mixtuie was faltered after coolmg and washed with salt solution The deep 
red solution was made alkaline with ammonia which precipitates the yellow 
base The latter was filtered and washed and dissolved in hydrochlono acid 
On concentrating the solution the hydrochloride crystallises in red crusts 
with a gieen iridescence The crystals dissolve in water with a bright orange 
colour 

[56 57 ] 2 7 Tetraethyldiarmno-acndine methochlonde and methonttreUe — 
To prepare the methonitrate an excess of dimethyl sulpliate was added to the 
finely powdered base in a small basin The mixture becomes hot Aft^r 
heating for a time on the watef-bath, the methosulphate crystallises Water 
was then added, and heating continued until the excess of methyl sulphate 
was decomposed and a clear red solution obtained On the addition of a 
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saturated aolution of potasMuni nitrate, tlie niothointrate crystallised on 
standing in red needles. They were filtered, washed with a little water, and 
dried On grinding with amnion la solution the methoxide was obtained as a 
sticky red mass with green iridescence which dissolves in hydrochloric acid 
forming tlie methochloride as a liygroscopic nias-s which could not bo prepared 
in the crystalline state 

[58] 2 AmiTui -^iuftlu/hinplit/iimulinr was prepared according to the 
directions of Ullmann and Naef* The base, aftci lo-ciy stallisution from 
xylene, melts at 244° It was lu-otylated, as ilc.scnbed, and the acetyl 
derivative melted at 320°-321" 

[59] 2 Avmio -'iniiihyliiaptthiurtdiiu mHtwhtoruh . — 0 6 grin of the 
acetyl deiivativo was dissolved in 2 oc of nitrobenzene boated to 160°, and 
0 3 gim of dimethyl sulphate added when the mixtnie crystallised to a somi- 
solid mass, which was iilteied and washed with ether The product, after 
boiling with cone hydrochloric acid, became dark icd, and on concentrating 
the solution on the water-bath and cooling the methochloride crystallised in 
long led needles 



[60] 2 Amino -Z methyl -^phenylnaphthacruhia — The substance was 
prepared by adding 5 grms of totramino-ditolylphenyl methane (Meyer and 
Gross ),f to 8 grms, of ;8-naphthol at 150° and heating for an hour to 18U°~200° 
The sticky product was dissolved in 10 cc. of glacial acetic acid, diluted witli 
an equal volume of water, and poured into 10 grin of caustic soda in 50 c e 
of water. The yellow precipitate was filtered and washed wi)h dilute caustic 
soda solution and hot water to remove the naphthol, and the product 
ciystallised from alcohol The undissolved portion was 61tered off It 
crystallises from nitrobenzene and also from benzene in yellowish brown 
needles, m.p. 264°-265°. The alcoholic filtrate was heated to boiling, w ater 
added till turbid, and allowed to cool The crystalline product was re- 
crystallised from benzene from which it separates in yellow needles, m p. 

2«9“-27l° 

* ‘ Bei vol 33, pp 91ft, 2473 (1900). 
t ‘ Ber.,’ vol 32, p. 2366 (1899) 
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The compound of m p 264°-265° on malysis 
0 2026 grm gave 14 3 c c moist N at 14® and 725 mm N = 8 37 per 
cent 

0 1960 grm gave 13 7 cc moist N at 16° and 763 mm N ?= 8 24 per 
cent Calculated for CjiHisNa, N = 84 ^ler cent 
The c impound Ins therefore the foimula 



N 


It was converted into the methosulphato bj dissolving in eight times the 
weight of nitrobenzene at 130° and adding half the weight of methylsulphate 
The crystalline product was filtered and washed with ether 
[62 63] 2 Dimt thylamiiumajihthan idine and methorhloitde — 



N 


It was prepareil by the method of Ullmann and Mane • by fusing tetra- 
methyldiaminodiphenyl methane with naphthol at 110°-1 20° and raising the 
temperature gradually to 180°-200° The product was extracted with warm 
alcohol which dissolves the naphthacndine compound but leaves the hydra 
cndine llhe hydracridine compound was suspended in boiling alcohol 
acidified with a few drops of hydrochloric acid and feme chlonde added until 
the precipitation of the naphthacndine hydrochlonde was complete The 
precipitate was filtered dissolved in water and re pi-ecipitated with cone 
hydrochlonc acid It was filtered and dned tn vacuo ovei caustic soda The 
base was precipitated from the dissolved hydrochloride with ammonia, and 
after re-orystallisation from benzene melted at 186° It was dissolved in 
boihng xylene and the calculated amount of methyl sulphate added The 
precipitated raethosulphate was washed with ether and dried , on dissolving 
it in water and adding sodium chloride solution the methochlonde was 
precipitated filtered, and dried To remove the sodium chlonde the metho- 
chlonde was dissolved in alcohol, filtered, and evaporated to dryness The 
naphthacndine base was obtained from the first alcoholic filtrate by adding a 


♦ ‘ Ber , vol 84, p 4318 (1901) 
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boiling alcoholic solution of pioric acid The picrate which crystallised was 
filtered and re crystallised from boiling aniline lo the puiate suspended in 
alcohol caustic soda was added and wainied on tlic water bath until the 
solution was deep yellow and then diluted The precipitated base was 
filtered washed with water dried and le ciystallised fiom benzene (m p 185®) 
[66 ] 2 7 Diamtiio-9 pltenylaci vhne carbojcyltc ester — 

Q|( OOC,II, 



The substance was prepared by heating with ammonia in sealed tubes 
according to the method of Meyer and Oppelt * The product was boiled 
with alcohol to remove impurities and the residue suspended in alcohol and 
hydrogen chloride passed in The alcohol was remove 1 the hydrochloride 
dusolved in water and piecipitated with sdt redissolved and again salted 
out The product is an orange amorphous powder 
[66 ] 2 7 Tetramethyldvmnno 9 phenylatndine caihoxyltr ester 



One molecular proportion of phtlialio aiihydiidc was heated with thiee of 
acetic anhydride and two of wi aminodiniethylanilme for 2-3 hours at 
140°-150‘’ The acetic acid was then distilled off and the residue boiled with 
fifteen to twenty parts of 20 per cent hydrochloric acid for J hour From 
the deep red solution the base was precipitated by ammonia filtered and dned 
in vacuo It was suspended m ten times its weight of absolute alcohol, 
heated an hour with reflux tin the watei-bath whilst dry hydrogen chlonde 
was passed in The alcohol was removed the residue dissolved in hot water, 
filtered and the filtrate salted out The precipitate was filtered washed with 
a little cold water and dried 


•* ‘B«r, vol 21, p 3376(1888) 
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Phknazine Dbritativfs 

[69-71 j Phtnazme waa prepared by the method of Kehrinann and Havaa* 
by heating a mixture of o ammo and o intro diphenylamine with fnaed 
aodium acetate It melts at 170° — 171° Uie metliosulphate and metho- 
chloride were obtained m the same mannei as the corresponding acridine 
compounds Ihc phenazinc was dissolved m hve times its weight of nitro 
benzene heated to 120° and fushly distilled methyl sulphite equal in weight 
to the pbena/ino waa iddtd the mixture atiircd and kipt for 5 mmutoa at 
100°-110° and cooltd The mtthosulphale separates ether was added to 
complete the precipitation and the product hlteied an! washed It forms 
greenish yellow prisms 1 he iiulbi chloride waa prepared by first separating 
the base with ainmonii iml evijoriting tho red solution taking up with 
alcohol to remove ainmomum siiljihate and then evaporating to dryness Ihe 
rnethochloiide was prepared bj dissolving the base m hvdrochloric acid and 
concentrating the solutun It foinis greenish crystals 

[72] 2 Aimnopfuna-’int was jircpared by (A) the method described by 
Wohl and Ijingf f from o mtianiline and vniline hydrochloride in presence 
of fustd zinc chloiide The amino phenazine was separated from the 
product by sublimation and crystallises in brilliant red needles melting at 
283®, which after ciystallisation melt at 288° The acetyl derivative was 
obtained by heating foi a short tune with an eipial weight of fused sodium 
acetate and twelve to fifteen times its weight of acetic anhydride When 
poured into water and neutralised with ammonia it formed a bull-coloured 
crystalline powdei Ihe diy acetyl derivative wis dissolved in ten times its 
weight of nitrobenzene heated to 120° and methyl sulphate, equal in weight 
to the acetyl deiivative added and the mixture cooled slowly Ether 
precipitates the iiiethosulphate which was filtered and washed with ether 
It was then boiled with water to remove nitrobenzene and faltered About 
an equal volume of cone hydrochloric acid was added and evaporated to 
dryness The methoohlonde which is very soluble, was dissolved in alcohol, 
filtered and evaporated It forms a red, crystalhne residue which dissolves 
in water and alcohol with a bright magenta colour 

(B) A second process for preparing aminophenazine is to pass dry 
ammonia into an alcoholic solution of phenaziue methyl sulphate aooording 
to the method of Kehrmann and Havas | The products m the two cases 
appeared to be identical and to have identical bactericidal properties. 

[74 ] 2 3 Diavanophenazine was prepared by the method of UUmann 
* ‘ Ber vol 46, p 341 (1913) 
t ‘Ber, vol 43, p 2186(1910) 

[ *Ber vol 46, p. 431 (1913) 
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and Mauther,* and converted into the acetyl derivative t It was recrystal- 
hsed from nitrobenzene and forms a light brown micro crystallme powder 
which turns brown at 206° and melts about 270° The lattei was dissolved 
m ten times its weight of nitrobenzene al 150" and 1 mol of methyl 
sulphate added The methosulphate, winch was precipititcd wis washed with 
ether and the product boiled with cone hydiochloiic and and evaporated on 
the water-bath The methochlorido crystallised in black net dies wbicli were 
hltered and dried 

[76] 2 Ihmfthylt(im)io-7 (uiiinuphejuiziiie tnitlitxhloi ul< — Ihe loiiipoiind 
was prepared iccording to the method descubed by KincrJ fiom a 
mixtiiie of para- and ineta dimethyl phenjlenc diamine by ovulation 
with potassium dichroinite I lie phenazino salt was piecipitated by zinc 
and sodium (blonde ind the base separated fioin the solution in bydro- 
olilonc acid by sodium hydroxide It was purified by ledissolviug m acetic 
acid and precipitating with ammonia It forms a bliie-blaok powder slightly 
soluble in alcohol with a deep violet colour, and readily soluble in dilute 
acids giving a violet solution and forming the hydrochloride 


N 



OH, Cl 

[77] 1 Ihnielhylamim-1 avww Qinethylphcnaziiu hyiiroclUondv {Toltiyhiie 
ltd ) — The substauce was obtained by following the directions of Witt§ It 
was punfied by crystallisation from alcohol The base was obtained by 
precipitation with sodium hydroxide, and was washed, dried and acotylated in 
th§ usual way The acetyl derivative crystallises in brown plates The 
inethiodide was obtained in microscopic black crystals which dissolve in water 
and alcohol with a deep violet colour, by heating the acetyl derivative willi 
methyl iodide in a sealed tube for seveial home to 100° 

[84] 2 Jhmethylamino-1 -ami'iw-b methylp?ienazine methoihloiidi — The 

above acetyl derivative was dissolved in five times its weight of nitrobenzene 
heated to 160°, and rather more than the calculated weight of methyl sulphate 
added After a minute or two the mixture was cooled and the resulting 
black precipitate washed with ether and dried Ihe product was then 
hydrolysed with oonc hydrochloric acid, when the liquid became deep 
* ‘ B«r vol 36, p 4302 (1902). 

+ Fischer and Hepp, ‘ Ber vol 22, p 858 (1889) 

1 ‘Ber,’ vol 49, p 1643(1916), vol 60, p 420(1917) 

& ‘Ber,’ vol 12, p. 921 (1879). 



360 Mr C H Browning and others Relationships between 

blue On adding water or salt solution the methochlonde separate m the 
fouii ot a semi solid iridescent green mass which aft^ drying became haid 
and was crystallised from a mixture ol btn/ene and alcohol m the form of a 
micro ciystalline powder with a dark gieen lustre It dissolves in water and 
alcohol with a bright magenta coh ur similar to toluylene red On analysis 
toiind N = 17 0 per cent CHauN 4 Gla requires N = 16 5 per cent 
The foimula is therefoie 





Another inelhod for the preparation is given in 1)K Patent 69188* It 
c( nsists in heating together 3 riiols p nitrosodimethylaniline hydrochloride 
iiid 2 mols 0 'iniinodimethyl p toluidino in 50 per cent acetic acid s ilutiou 
for 6 hours On dilution filtr ition and j lecipitation with common salt a gieen 
013 stalline colouring matter was piecipitated which was hltered ind on account 
of its solul ility ill w lU r washed with brine To the mother liquois which still 
con tamed a quintityuf the dye /luo ihloiide was aided and the zinc chloride 
double salt piecipitntcd which wis le ciystallised from dilute hydrochloric 
acid Ihe substance dissolved with a distinctly magenta colour There 
appears therefore to bo a graduation in tint from scarlet to magenta with the 
increase of alkyl radicals in the ammo gioup (compare [ 8 b] and [ 88 ]) The 
same development of blue in the colom is observed in roSaniline and its 
methyl derivatives which change from magenta to violet 
Brominatwn of Acetyl Derivative of Toluylene Bed — The acetyl denvative 
was brominatod in chloroform solution when a dark violet solution was formed 
which on evaporation gave a dark violet product which crystallised from 
a mixture of alcohol and ether in microscopic black pnsms. The substance 
IS, however a mixture, which can be separated by extracting with ethyl 
acetate The un dissolved portion was dissolved m water and the bewe preci- 
pitated with ammonia as an oil which solidified on standing It crystalhses 
frbm alcohol in pale brown transparent prisms m p 205°-207° It was 
tested qualitatively for biomine but its further investigation was postponed 
[78 ] 2 Dimethylamino 6 methylphenazine — Toluylene red was diazotised 
according to Witt s method (loc at ) in absolute alcohol with sodium nitnte 
and hydrochloric acid The excess of alcohol was then removed on the 
water-bath, the liquid filtered and poured into a solution of sodium acetate, 


♦ ‘ Friedlimder,’ vol 3, p 307 
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which throws down the phenazine compound in the form of a crystalline preci 
pitate having a bronzy iridescence 

It was recrystallised from dilute alcohol and melted at 168°-16‘1® The 
ether and benzene solutions are fluorescent but fluoiesco with difierent colours 
the former having m orange and the lattei a greenish colour 

[79 ] 2 Ih'niethy1am%7to 6 methylphenazine methiodide was prepared from the 
plienazme compound by heating with rathci more than the calculated 
quantity of methyl iodide in a sealed tube to 100° for 6 hours A solid dark 
violet mass resulted which dissolved in water v ith a deep violet coloui The 
substance was recrystalhsed from a mixture of alcohol and ether from which 
it separated in brownish black plates On analysis 
0 2526 grm gave 0 1718 grm Agl I = 36 8 per cent 
0 2640 grm gave 01714 grin Agl I = 370 pei cent CuHijNs+GHjI 
requires T = 33 5 per cent 

The iodine value found is too high the reason foi which is not cleir unless 
as often happens in such cases a certain amount of penodide is formed at 
the same tune 

[80 81 ] 21 TeiramethyldiamiiKflienaziiu, is described by Kariei* as 
being obtained by oxidising a mixture i f dimethyl p phenylenediamiue and 
dimethj 1 1 1 phenylenediamine with potassium dichromate solution in presence 
of hydioehloric acid The product may have either of the followmg 
foinml e — 

N N 


It was separated in the form of the hydiiodide from which the base was 
precipitated with ammonia Altered washed and extracted with alcohol The 
residue was dissolved in dilute hydrochloric acid and the solution was 
evaporated in a vacuum desiccator to dryness The methochloride was 
prepared in the usual way by the action ot methyl sulphate on the base 
dissolved in nitrobenzene and subsequent hydroljsis with cone hydro 
chloric acid It dissolves in water with a bluish rod colour 
[82, 83 ] 2 Aminonaphihophenazine was prepared according to the method 
desenbed by 0 hischer and Hepp.f by heating m a sealed tnbe for 6 to 6 hours 
at 160® one molecule o phenylenediamine and one molecule benzene azo a- 
naphthylamine hydrochloride with ten parts of alcohol On cooling dark red 
« 'Ber, vol 49, p 1643(1916) 
t ‘Ber,’ vol 23, p 846 (1880) 
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crystals separated They were filtered and crystallised from alcoly^l contain 
inff hydrochloric acid The substance obtained in this way is the hydro 
chloride of anunonaphthophena/ine It forms dark red crystals which arc 
slightly soluble in water but on heating are hydrolysed and the base is 
precipitated Ihe acetyl derivative was prepared ly hiating the base with 
acetic anhydride and fused sodium acetate On cooling the acetyl denvativo 
crystallises It was heated fo 160° with ten to twenty times its weight of 
nitroben/ene and the equivalent f I one molecule of methyl sulphate added 
On standing eiystals of the metho sulphate sfjmated They were filteied 
and washed with ethti and heated with cone hjdrochloiic acid when the 
hydiochloiide of the inothichloiide slowly ciystallised The substance is 
soluble in watti and not so lea lily hydiolvsed as the hydrocbloii le 



CHj Cl 

i Ammo Dsphtho plienazine 
Diethochlonde 


[8j] 21 iJumino t mcHu/lphena ine met! ochUrv! was pi ei)ared according 
to DK Patent 86608* by heatin„ togethei and Stirling ammo a/obenzene 
hydrochloride ammo dimetlnl ja tolmdine and glycerol at 110° according to 
tlie proportionate amounts given The mixture froths up during the process 
and the reaction is at an end when fiothiOt, ceases (about 3 hours) The 
solid proiluet was dissolved in hot water and piecipitated as hydrochloride by 
the addition of hydrochloric acid and some common salt The colouring 
matter was re crystallised from dilute hydrochl iric acid giviug green glistemng 
crystals which dissolved iti water with a scarlet coloui 


N 



[86 ] 2 7 Diamino 3 6 diinethylpheriazine vietkochlon h was prepared as above 
using 0 amino azotoluene hydrochloride in place of the benzene denvative 
The product was dissolved in hot water and precipitated with hydrochloric 
acid On cooling the phenazine compound separated in green prismatic 
*■ * Fnedlknder, vol 4 , p 380 
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needles, very slightly soluble m cold water, soluble in hot water with a scarlet 
colour 


N 



CHj 01 


[87 ] 2.Anii7W7iapktho-l a)M»o-Q melhylplieunzoie vidkothlin tdt — Tile jire- 
paration was carried out as above, using jnoportionale (puintities of 
benzene-azonaplithylamine hydroclilonde and one - and - a - half times the 
amount of glycerol, and heating at 120° for 3J liours. The hot aqueous 
solution of the product was filtered from insoluble matter, and the colouring 
matter piecipitated with hydrochloric acid and salt It was re-crystalhsed 
from dilute hydrochloric acid from which it separated m small green crystals. 
It dissolves in water with a scarlet colour similar in tint to the other two 





[88 ] 2 atntm-'S 6 dimethi/lphenaziiif umUMchJai uie. — Tlie sub- 

stance was prepared from mtrosomethylanilino hydrochloride and o-ammo- 
ji-dimethyl toluidine dissolved in alcohol according to the quantities given in 
D.K. Patent 80758.* The mixture was boiled for 6 hours The scarlet 
colour developed in a few miuiites and intensified rapidly, until signs of 
precipitation appeared when the liquid was somewhat concentrated and 
cooled. The precipitate was filtered and washed with a little alcohol. The 
phenazine compound consists of a green crystalline powder which dissolves in 
water with a more magenta colour than the previous compound. 



[93.] N-Methyltetrahydroqutnoltne-2.aminophenaziue methoehlonde — The 
tetrahydroquinoline and its N-jinethyl derivative were prepared by the 


* ' Fri«dlhQd«r,’ vol. 4 , p. 376. 
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method of Hofftnan and Koniga • and converte<l into the nitroso ootspoond f 
A mixture of 2 6 grin nitroso N-methyl tetrahydioquinolme, 15 grm of 
p-dimethylamino o toluidme 15 o c of glacial acetic acid and 2 c c of cone 
hydrochloric acid were wanned gently on the water-bath Heat was 
developed and the liquid became a brilliant green which rapidly changed 
through brown black, dull scarlet to magenta Ihe heating was continued 
from 3 to 4 hours when the jirodiict was dissolved in 50 c c of hot water, 
filtered and the colounng matter precipitated with zinc chloritle and brine 
It forms a green iiidescent mass which is at first sticky, but rapidly hardens 
The substance dissolves in water with a magenta colour similar to that of 
toluylene red methochloride (p 360) On analysis the zinc salt gave 
N = 14 6 per cent , CmH^NsCUZh requires N = 14 1 per cent The 
formula of the hydrochloride is therefoie 


HCl 

( Hj c 


OH, 


[89] 2JJimethylamiiio 7 ammo S6dimethiflphemzine methochloi \de — 16 
parts of p ammo dimethyl o toluidme and 15 jiarts of m dimethylamino 
^toluidme were dissolved in 300 parts of water 20 parts of cone hjdro- 
ohlonc acid and 30 ]>art8 of 50 per cent acetic acid, and cooled to 10° with 
stirring Thirty parts of sodium dichromate m 400 parts of watei were run 
m durmg 3 hours A bluish red coloration develops immediately and 
becomes more intense as the oxidising agent is added The mixture was 
finally warmed on the water-bath for an hour filtered and salted out with 
zinc chloride and sodium chloride In this way the zinc chloride salt of 
the colounng matter is obtained It was purified by solution in water, 
filtration and reprecipitation with salt solution It could not be reorystal 
lised from alcohol or dilute hydrochloric acid The substance by analogy 
with the formation of tetramethyldiammo-phenazine (p 361) has the 
following structure — 


N 



c^Toi 


* ‘ B«r Tol 16, p 788 (1888). 
t Konigs and Fiw, ' Ber vol 18, p 8388 (1886) 
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[90 ] 2 Benzylamino 7 amino-S 6 dimethylplunazine methochloridt — The 
compound was prepared hy heating together on the water-bath p dimethyl- 
amino o-toluidine dissolved in alcohol with nitroso benzyl o toluuline hydro- 
chloride and hydrochloric acid as ilescnbed m the iiieparation of the methyl- 
ammo compound (p 361) The colour developed jiassing from yellowish red 
to led with a faintly blue tint On concentration and cooling the colouiing 
matter separated and was filtereil and washed with ether It has probably 
the following formula — 

0,B, CH, HCl 

N 

ClOl 

The zinc salt is obtained by precipitating the methochlonde in solution 
with zinc chloride 

[91 ] 7 Arnino 6 methyl-2 ihmelhi/lumt no vapthophenazme hyth ochloride — 
The substance was prepared as follows 2 3 gims of nitroso dimethyl 
«-naphthjlamine hydrochloride were dissolved in 20 cc of hot glacial acetic 
acid, and to the solution was added a solution of 1 2 gnua of m toluylene 
diamine m 20 0 c of 60 per cent acetic acid 1 cc of cone hydrochloric 
acid was then added and the mixture heated on the water bath for 4 hours 
A magenta colour developed rapidly and lost its bluish tint on continued 
heating becoming gradually more ciimson It was hnall} boiled, diluted 
with 100 cc of water and the hydrochloride precipitated with brine ior 
purification it was redissolved in water and reprecipitated with brine It 
has the following formula — 


/\ 



[92 ] 7 Ammo 6 methyl 2 dtmelhylavnnenapthophenazine methochlonde — 

The process was earned out as above, but instead of m toluylene diamine 
the p-dimethylamino o-toluidme was used 24 grms of nitroso dimethyl 
«-naphthylamine hydrochloride were dissolved in 20 c o glacial acetic acid 
and added to 1 5 grms of dimethylammo toluidine in 20 c c 60 per cent 
acetic acid, and 1 c c of cone hydrochlono acid The bright crimson colour 
develops rapidly,, and after 3 hours’ heating on the water-bath was separated 
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and purified as in the previous case The h} drochloride of the metH^chloride 
was even less soluble than the above hydrochloride, but is readily soluble in 
alcohol The formula is 

n,» 

T I I I 

(CIQ ITCl 

N 

/\ 

tUj U 
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The Action of “ Peptone ” on Blood and Immunity thereto 

By J W PicKEKiNG, r>Se and J A HBwrrr PhD B Sc 

(Comminiiciitod by Prof W D Halliburton h RS EecoivLd March 1, 1922 ) 

(Prom the Dep.irtmcnt of Physiology I niversity f I onclon, King’s t ollege ) 

Ihe current view on the cause of the non coagulability of the blood after 
the injection of peptone is that the injected material stimulates the liver 
(or the liver plus other organs) to foim an excess of a substance named 
antithrombm Ihe liver is considered further to form antithrombin under 
normal conditions in amount suflicient to maintain the fluidity of the blood 
The statement that peptone has little oi no anticoagulant action on shed 
blood (except in high concentrations) is also generally accepted Immunity 
to the anticoagulant action of peptone ’ which follows its slow injection is 
commonly ascribed to hepatic activity 

The experiments recorded in this paper show that these views can no 
longer be held 

On the mppoicd Foiniation and Stoetwn of Anhihrmnbm hy the Liver 
Contjean (1) after ligature ot the aMoimnal arterial trunks and Gley and 
Pachon (2) after ligature ot the lymphatics of the liver found that injected 
“ peptone ” had no anticoagulant action Starling (3) and Delozennc (4) could 
not confirm these observations while Denny and Minot (5) have shown that 
repeated electrical stimulation of the caliac plexus or Us hepatu blanches 
fails to increase the coagulability of the blood 

The first systematic attempts to prove that the luer secreted an anta- 
thrombic substance appeal to have been maile by H4don and Delerenne (6), 
who, after establishing an Ecks hstula in a dog and, ns far as possible, 
removmg the liver, failed to reduce the coi^ulabihty of tlie blood by the 
intravascular lujection of peptone ' These investigators concluded that 
somethmg secreted by the liver was the cause of this result In each of the 
two expermients described, some hours elapsed aftei the establishment of the 
fistula and before the liver was incompletely excised, and a further hour 
passed before the injection of ‘ peptone ” Delezeniie (7) leported four similar 
experiments (of which only one is given in detail), and here also there is a 
considerable time-interval in this case "i hours, between the end of the 
operation and the injection of the peptone ” In the 26 minutes immediately 
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following the injection of the peptone hve samples of bloafi coagulated 
rapidly 

The common feature of these experiments is tht gieat length of time 
during which the animals were under ameathesia leading to a decrease of 
oxygen (Buckmaster and Gardner 8) and a correspon ling increase of carbon 
dioxide in the blood 

Prior to the work of Uddon an 1 Dele/enne (Joe rit ) T>ahou8se (9) had 
shown that m peptone blood theie is an extreme diminution of carbon dioxide 
while Fano (10) and Wooldridge (11) had demonstrated that the passage of 
carbon dioxide through peptone plasma induces coagulation Wright (12) 
has also shown that an increase of carbon dioxide in normal circulating blood 
augments its coagulability 

1 fie following experiments* show that the retarded coagulability of peptone 
blood in animals intact except for pithing or in animals in which the hver is 
not acting may be diminished or annulled by excess of carbon dioxide the 
general result is that when the vitality of the animal is impaired this 
inevitably occuis with both moderate and larger doses of peptone 

In these and the subsequent experiments all animals were anajsthetised 
with AGE pithed and (except in Nos 14-17) the anaesthetic was dis 
continued for at least a quaiter of an hour before observations were made on 
the blood All blood was withdrawn through evenly paraffined cannulie 
Artifacial lespiiation (except in Nos 14-17) was employed throughout The 
animals were kept warm The commencement of clotting was taken to be 
when the first change towards coagulation was observed completion of 
clotting when the vessel containing the blood could be inverted without 
spilling All glass vessels were cleaned with hot hydrochloric acid caustic 
soda alcohol and ether Dust was as far as possible excluded The percent 
ages of peptone are necessarily approximate since commercial specimens 
as used by different investigatois vary enormously in composition In the 
present work one preparation was employed throughout 

The results obtained in Experiments 1 2 and 3 are expressed graphically 
The points pn the upper graph indicate completion of clot those on the 
lower graph commencement of clot 


* CaU have been uaed in the experiments now recoided because their susceptibility to 
“ peptone lies midway between that of the dog which u markedly susceptible, and the 
nibbit which is exceptionally resistant 
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Expenmnit No I — Pithed cat Peptone injected into right jugular. 


4S' 



weak 

Ejcpirimmt No. 2 — Pithed cat Aorta ligatured. 



Note. At 30' and 41', the blood was not completely clotted after 1 hour 

60 minutes. lost mortem examination showed in this and m other exjieri- 
ments the ligatures intact. 
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Frpeiiment No 3 — Pithtd cit «’Ai ita aud inferior vena cava ll||abured 



iijpet utffit N 4 — Oit iithtd Aitihcial respiiation Aorta an i mfeiior 
vena cava ligatured 1 62'' gnu ot peptone waa injected ripidly into the 
heart over a period of 4 minutes h ive minutes iiftei the injection of the 
peptone coagulation time showt 1 i letardatiou of 20 minutes in commence 
ment of clotting a complete ^elatinous 1 t an caring 2 minutes 40 seconds 
later This apparently Iniuehed but turther clots appeared iti the liquid 
during the subsequent 2 houn ml the lluil was completely clotted on the 
following morning While ill itlici usiilts have been lej cited this is the 
only occasion in tliesc experiments where the phenomen n dt scribed in the 
dog by Doyon has been observed Other samples of blood from this animal 
behaved similaily to those m Exjcnnient 3 the increase in conoentra 
tion of peptone used not causing any substantially greater inhibition than 
was evident m No 3 Ihe passage of carbon dioxide through the peptone 
blood from this animal gave typical clotting as did dilution with distilled 
water 

The total time taken in No 1 was 1 hour 10 minutes in No 2 1 hour 
22 minutes and moreover no anjesthetic was being respued Hddon and 
Delezenne s experiments occupied some hours while in Delezenne’s 
observation no less than 5 hours elapsed from the commencement of the 
operation till the obeervation of the coiqjalition time of the peptone blood 
During these protracted periods a volatile an esthetic was bemg administered 
and no attention was paid to the effect of a possible increase of the concen- 
tration of carbon dioxide m the circulation under conditions liable to promote 



The Action of*' Peptone" on Blood and Immunity then to 371 

it So far as the present writers are awaio this ciiticism ipplies to all 
experiments in which “peptone hia Ijoon injecte 1 into animals witli damaged 
or more or less excised livors 

Of the facts unexplained hy the hjpothobis tint the sicution by the hvoi 
of antithroinbin is the cause of the fluidity ot noimal ciuiilaLing blood and ot 
the retarded coagulability of pej tom blood it is notewoithj that the massive 
injection of thiombiu does not pio luce thioiul) isis W loldiidgo (13) This was 
confirmed by Mellanby (14) who injected without tlnombosis suthciciit 
throinbm into a cat to coagulate 2 lities of blood Aftn the intravasculii 
injection of thrombin l>avis (16) found theooagulili n tune of shed hi lod 
to be vanable sometimes slightly lengthened it othci times shoiteued 
Unfortunately Davis recorded as coagulation times oiilj tin time ot 
completion of the clot This may be a vanable pen id when tlie times of 
commencement of clotting are approximately const ant (Nos 1 4) Morciver 
Davis variations in coagulation times are not greatei t li ui can lie accounted 
for by alterations m the lelativo concentrations ol carbon dioxide and oxygi ii 
in the blood shed Apparently this lud the conespomhug hydiion concen 
tration did not engage Ins attention Davis explains the slightly decreased 
coagulabihty following the injection of thrombin bv suggesting that thiombin 
produces an excessive sccietion of antithiombin whil Ilowt 11 (1 ( ) maintains 
that thiombin or prothiombin is a hormone which slimulales the seiicLion of 
antitbrombin Davis frankly admits that if intithrumbin exists m the 
circulation and 18 a genume antibody sec reted as i jnot ction igaiiist thrombin 
then according to all analogies the presence of thiombm should lead to its 
production 

Nolf (17) howevti denies that the intiaiasculir injection ol thrombin leads 
to the formation of antithiombin lurthei doubt is cast on the accejited 
hypothesis by the recent work ot Arthu8(18) who observed that delay occurs 
in the coagulation ot shed blood after the injection ot the venom of Ciolalus 
adamaiitevs into imiuiuiibod, non-inimunised and even anaphj lactic rabbits 
This not only happened in whole annuals, but in those in w Inch the hepatic 
blood supply had been cut otf 

Two views have lieen advanced in this connection vi/ that of Martin (19), 
and of Barratt (2U) where the active fraction of snake vfHcm is considered to 
be a true fibnn-terment (thrombin), and that of Mejtthnby (21) that it is a 
kinase which, when rapidly injected, causes the rapid formation of thrombin 
It is evident from the experiments of Aitlius, that the negative phase ’ of 
coagulation following either the rapid injection ol minimal doses of venom, or 
the slow ipjection of laiger doses, is not produced by the secretion by the 
hver of antithrombm, which oombmes with thrombin, either existing in, ot 

2 D 2 
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produced by, venom Thu- ronclusioii falls into line with the lecSfet observa- 
tion of Pickering and ITp> ilt (22) that the slow addition, drop by drop, of 
tissue extract (luicleo protein) piepared from kidney, to iinsalted bird’s blood 
^n mtro, pioduces a ‘ negative phase in its coagulitioii and is explicable by 
the suggestion that the “ negative phase ' of blood coagulation is a physical 
process involving an adsoiptive union of the tissue extract, the substances 
forming the alkali reserve and hbnnogen and is in its essence closely akin to 
the following ^n reactions thoDans}/ reaction with the toxins and anti- 
toxins of diphtheria and ricin (l)aiisyz 23), the variations m the toxicity 
incidental to the fiaotional mutiulisatioii ot aisenioiis acid by feme hydroxide 
(Hewlett, 24), the “ negative phase ’ or temporary inhibition of the precipita- 
tion of gelatin by the slow addition of either alcohol or ammonium sulphate, 
and to the similar phenomena following the addition of electrolytes to certain 
inorganic sols (Spring, 25 Ilober and Gordon, 26, Paine, 27, Galeoki, 28, 
Burton, 29) 

Arthus concluded tliat in poisoning by proteotoxins, the liver is either not 
the organ which produces anti-thrombin or is not the only organ Hoyon (30) 
immediately perceived the significance of Arthus work and, adopting his 
methods, injected ‘ peptone ’ into dogs in which the hepatic circulation had 
been ligatured Again no attention was paid to the probable increase of 
carbon dioxide in the blood during the experiments m which aniesthetics 
were employed Doyon states th it in the cases he observed, the speed of 
clotting of shed blood was nonnal but the clots were soft and completely 
dissolved on standing, so that tho blood again became fluid This result 
Hoyon ascribed to the action of aiiti-thrombin formed in parts of the body 
other than the liver, and reverted to Contjean’s views (loc c%f ), which liave 
also been supported by Popiel8ki(31) 

It 13, It 18 thought, clear that Hoyon's clots aie not true fibnn clots, as such 
do not re-dissolve tii mtro In a recent paper (Pickering and Hewitt {loc of ) ) 
evidence has been brought forward that the first stage of coagulation of 
mammalian and fiog’s blood, suriouuded by oil is the formation of a reversible 
gel, which IS soluble in excess of tap water In the case of frog’s blood this 
stage may, when undisturbed, jiersist for several hours, but if thromboplastic 
matenal is added to it a typical clot is formed in a few minutes It therefore 
f^pears possible that “ peptone," as administered by Doyon with the liver out 
of circulation, retarded the coagulation of the blood so that it remamed in the 
farst stage of the process Only in one of the series of experiments now 
recorded, m which “ peptone ' was injected into both intact cats and into oats 
deprived of hepatic circulation, has any evidence been noted of the temporary 
formation of a gel which dissolves on standing (Ho 4) It has consequently 
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been impossible to investigate any reldtionslii]i to hydiion conccntiation of 
this transient but significant phenomenon 

The eailiei observations on the ofifccL of the injection of peptone” into 
animals with either impanotl or partly excised livfrs ha^efolmod the basis 
for a vast supeistructun of liypotheses llKyieniiiii crucial only so long 
as the anticoagulant action of jxjjtone his not been obstivcd in animals 
when the liver is not acting 

Employing a somewhat simpler operative tochiinjiu to di})nvc the liver 
of circulating blood with a view of avoiding the prolong! d interval bcfoie 
the injection of ‘peptone (with the consequent accumul ition of carbon 
dioxide), the results given in experiments Nos 2 1 uul 4 above 

demonstrate decisively that ulardafion nf (omiulation of blood t > ^njiunt to 
the rapid intravascular injection oj inoder dc amounts of ‘ p(ptoiu inn h 
produced under conditions which pretlude the pat tmpation if tlu hm 

Stress 18 laid on the importance of working with pithed animals and iii 
allowing at least 15 minutes to el ipse aftei pithing and the disc mtinuanco 
of the aiuEsthetic lafoio the injection of ‘ peptone’ so that iny iction 
of the ana sthetic on the coagulability ol the blood niiybc eliminated It is 
also advisable to regulate the an supply to the anini il& so as to maintain as 
long possible, normal oxygenation 

On the attioii of “peptone ’ on blood m vitro 
The well known obseivation of Schniidt-Mulhoini (32) that icij luge 
quantities of ‘ peptone ’ are necessary to retard the coagulation of blood 
in intro is commonly legarded as showing that ‘ peptone has no specific 
action on shed blood Among the earliei rhservers, Afanassiew (11), 
however stated that blood shed direct fioni the aitciy of a dog without 
exposure to the air, into 1 225 — 1 5 per cent peptone, and kept nt 
40°, remained fluid Uiifoituuately the details of the expeuinent are 
meagie Pollit/er (34) stated that 2 per cent of heteroalbiimosc uihibited 
blood clotting m intro, while Halliburton (35) recorded th it the same 
substance also delayed the coagulation of Siiltod plasma Woikiiig with 
lynipli trom the thoracic duct which clotted, at room temperature, lu from 
10 to 15 minutes. Shore (36) found that when relatively large quantities ot 
“ peptone ’ were added in vUi o the clotting was as rapid as in pure shed 
lymph, but if smallei amounts of ' peptone” were used retardation occurred 
In one experiment in which the amount of “ peptone ’ was 0 0377 per cent , 
the lymph remained fluid for 24 hours 

Camus and Gley (37) remvesUgated the effect ot adding “ peptone ” to 
shed blood, and stated that fioin eleven to fifteen times more " peptone ” is 
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roqmrod to produce letardation of clotting in vitro as coinpecipd with the 
amount necessary to give this result in vivo Thus the original views 
of the non -specificity of the action of "peptone” on shed blood gained 
general acceptance 

The present authors find that when blood is shed into “ peptone ” 
without precautions to preset ve it fioin elmiiges towards coagulation, as in 
the earlier work, then anticoagulant ai tioii is absent, except when the 
" jieptone ” is present in relatively large amount The following experi- 
ments show that different icsults are obtained when blood is shed through an 
evenly paraffined cannula from an animal respiring air 
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1 " Water” blood is normal blood to which a vhluiue of wrater or in No 6 of 0 0 per cent 
NaCl equal to that of the peptone has been added 

2 Ihe upper of the two coagulation tunes is that of “commencement,” the lower that of 
•' completion ” of clotting 

3 The blood was arterial and was withdrawn into gloss ressels through paralBned cnnniilee 
The animals were pithed and were breathmg air only 

4 The “peptone” in Experiment No 0 was dissolred m 0 9 percent sodium chloride, in 
all others in this senes in distilled water 

6 Room toiiiporature was 18-14® C 

6. The “ peptoue ” blood in No 10 remained Uuid donng the next day. 


Experiment Jfo 6 shows that blood withdrawn from the carotid of a cat 
through a carefully paraffined cannula into a clean glass vessel, and there 
mixed iniinediately with " peptone ” dissolved in distilled water, exhibited 
a distinct retardation of clotting. This delay amounted to 6 minutes 
25 seconds in the time of commencement, and 4 minutes 66 seconds in the 
time of completion of clotting ; the amount of " peptone ’’ in the blood was 
only 0 3 per cent As is seen from experiments 7, 8, 9, and 10 with greater 
concentrations of “peptone," the inhibition of clotting increased. When 
solution IS effected in 0'9 per cent, sodium chloride as in Experiment 
No. 6, the inhibition of coagulation is still more marked. Thus with a 
concentration of 0326 per cent of “peptone" in the blood a delay of 
39 minutes 25 seconds in the commencement of clotting was observed, while 
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the delay iti completion wits 40 iniimteH 40 seconds. Tiio addition of 
corresponding amounts of 0 9 per cent soduini chloride to shed blood did 
not produce any appreciable variation in tlie coagulation tune. A com- 
panson of Expennicnts Nos 8 and 9 with No 6 allows that the retarding 
effect of a concentration of 1 per cent of “ peptone ” dissolved in distilled 
water was actually less than that of 0325 per cent dissolved in normal saline 
This result falls into line with the observation of Howell (38) that while 
dilution of peptone plasma with water induces coagiiliition, ddiition with 
0‘9 per cent, sodium chloride has no suih effect 

In the next three observations, endeavours were made, witli success, to 
prolong the anticoagulant action of small amounts of “ peptone ” %n itlro by 
reducing the disturbance to the colloidal complexes of the plasma incidental 
to the shedding of blood 



In Not 12 An<I 13, alter 171 minuteu there Haaatill gome imclotled blood 

Manj exporimenU of thig nature hare been enrrieil out in this connection Only one ii given 


Jixpc) intents. 

In these experiments, blood from the carotid through a paraffined cannula 
was received into paraffined vessels, as free from dust os possible. With 
03 per cent, of “ peptone ” (dissolved in U 9 per cent, sodium chloride) in the 
blood, again mixed ni mtro, the delays in the commencement of clotting 
exceeded 23 minutes, os compared with the coagulation time on gloss, a 
result which was not more marked than was obtained with 0’326 per cent, 
of “ peptone ” dissolved m 0 9 per cent sodium chloride, mixed in an 
unooated glass vessel The distinctive difference between the results on 
glass and paraffined vessels is that, in the former, coagulation, once it has 
commenced, proceeds rapidly, and is completed in a few minutes, while in 
the latter it is a relatively slow process, occupying fiom 1 to 2 hours. In 
some cases, indeed, the first formed small clots are exhibiting syneresis 
(contraction), while other clots are still forming. Thus, in the leas 
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disturbed conditions of the paraffined vessels is the continuoui^ inhibitory 
action of the “ peptone ’ made evident 

A companson of the coagulition times of pure blood on paraffined 
surfaces with those of blood mixed with peptone on similar surfaces 
shows less relati\e retardation in the time of commencement of clotting 
than 18 evident when the coagulation of pure and peptone blood in uncoated 
vessels is compared The relative retardation in the time of completion of 
the clots 18 much more marked when blood mixed with “ peptone ” is m 
paraffined vessels than when it is contained in glass vessels not so treated 
In this connection, the partial failure of one experiment is noteworthy 
The blood contained 0 8 per cent of peptone” It did not commence to 
clot until 31 minutes after the mixing of the blood and ‘peptone” but 
coagulation was complete 2 minutes latu a firm clot being formed which 
could be inveitod without spilling 

This 18 a marked contrast to Experiments 11 12 and 13 and cannot be 
asenbed to the higher concentration of ‘ peptone used, as typical slowing of 
clotting has been obtained after the appearance of the hist clot in a number 
of cases where this and higher concentrations of ‘ peptone ’ have been 
employed In the specific case refeired to, examination of the vessel 
containing the peptone blood levealed a small defect in the paraffin Immg, 
with adherent fibrils to the exposed glass Clotting had started from this 
point, and had spread through the liquid 
Attention 18 drawn to Experiment 13 where the ‘ peptone was 
0 6 per cent of the mixture here clotting did not commence till 45 minutes 
20 seconds and was completed only as a semi gel 2J hours after mixing 
A small amount of the fluid was withdrawn by a pipette before coagulation 
was complete, and carbon dioxide passed through it Clotting was obseived 
after 10 minutes This result was also obtained by dilution with distilled 
water Othei observations gave similar results During the progress of the 
delayed clotting, portions of what remained fluid were, from time to tune, 
withdrawn, and mixed with one-fourth of their volume of saturated 
ammonium sulphate A precipitate of what was probably fibrinogen was 
always obtained (McLean, 39), till, at the end of the coagulation process, 
when the clots appeared to be complete, tests of the residual fluid yielded no 
precipitate The mixture of “ peptone ’ and blood t7i vitro thus behaved 
precisely as the blood peptonised in vivo 

Sohmidt-Mulheim {loc at ) gives the dose of “ peptone ’ necessary to 
produce incoagulability of circulating blood of dogs as from 0 3 to 0 6 grm 
per kilogramme Pollitzer {loc at ) found cats to be more resistant Taking 
an animal weighmg 3 kgrm, it may be assumed to contain 200 ao. of 
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blood If (^S grm per kilograiumo of peptone is injected the per 
centage in the blood is 0 45 or 0 9 if the larger quantity is used 

If from a pitheil cat which is breathing only iii foi at least 15 minutes 
arterial blood is obtained thioiigh a jiaraftinel cannula with only smooth 
surfaces exposed to the hlor d then less than Schmidt Mulheini a minimal dose 
for the deg will produce in the moie lesistint cat an unequivocal anti 
coagulant action m mtro even in nncoated glass vessels When the concen 
tration of {leptone is increased hut is still 33 ixrcent less than Schmidt 
Mulheim 8 largei amount the results vitj are paiallel to those following 
the injection of peptt ne into the ( iiculatioii of the liviiu animal 
Thesi data warrant the following conclusi ns — 

1 Peptone even in small tpiantities acts liiectly < ii the constituents of 
the blood 

2 The ai parent difleience fouii I by other ohseivers between the action of 
peptone in mo and its iotion in oit o is due to the changes towaids 

clotting which lake pi ice in 1 1 > id si e 1 witlu ut special piei autious to preserve 
Its surface conditions 

3 It IS Huperd nous to assume that the anticoagul nt action of peptone 
in VIVO IS duo t( the secretion of antithiombin either 1 y the liver or by the 
endothelial cells ( f tlie vascular system 

On the Sujiposf I rdlc i f leiuocftis < t the Anticoa jvlant Action of Peptone 
Dele/enne (40) ( ( nsidered that the hrst action of jieptone on blood is 
leucolysis jielding two feiibstances Uti miuleii which liastens coagulatu ii 
and leuci histone which r t ir Is it These b ith circulate thiough tlie liver where 
the formei is letained ilie lattei rein iins ciienlating Several workers 
including Hallibuiton and Brodie (41) 1 alloise (42) and Dastie and Studel (43) 
however deny that piptoiie on injection causes leucolysis Even if this 
process does occur there appear to be no gromi Is othei than pure speculation 
for the supposed lilieialion of these substances into the bloo I stream 

Nolf (44) maintained that under normal conditions an it a substance 
18 produced bj the leucocj tes which ai ts upon the endothelium of the liver 
and stimulates it to secrete antithrumbin The injection of peptone’ 
enhances this process and the excess of antitliiombm accounts for the 
retarded coagulability of peptone blood 

Having demonstrated that the liver is not necessary for the production of 
the anticoagulant action of peptone it becomes of interest to enquire 
whether the leucocytes are concerned in this phenomenon To this end 
Experiments 14-20 were devised 

Cats were bled through paraffined cannulte into paiafhned centrifuge tubes 
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in ice and without delay these were centrifuged at 4°C , after whk^h the tubes 
were again surrounded by ice till required By this method a clear fluid 
mammalian plasma was obtained unaltered by foreign substances and which 
had made but little, if any, progress towards coagulation At the temperature 
mentioned leucocytes do not exhibit amoeboid movement and it may bo 
assumed that all secretion by them is inhibited. To this plasma “ peptone ” 
was added in concentrations varying from 0 :l-l-2 per cent of the total volume 
ol “ peptone ’’ and plasma and the mixture was observed at room temperature 
in paraffined vessels In all cases except one, the typical anticoagulant action 
of “ peptone ” was evident A study of the piotocols shows that the results 
are essentially the same as when “ peptone ” in similar concentration is either 
added to shed blood at laboratory temperatures or is intravascularly injected 
into whole animals or into animals where the liver is out of circulation. 
Evidence is thus fortliconnng that Uiicuo/tos play no purl xn the inhibition of 
coagnlatwn which follows the rapid adnnxtxoe of blood and “peptone" 
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PIrmtir obtRined from Rnimal rcspirinf; A C K and air 

J In No 16 dotting waa not typioal , smaU clot* were formeil 

2 In No 17 tUe gdatinoue dot appeared to liquefy after 20 imuiitoii , 10 niinutea later all 
WB» liquid except one Miiall dot nerosi* i» not excluded 

.1 Tlie reaidual fluid* from 16 and 17 gaTe, next morning, no precipitate when fifth eaturated 
with ainmomum tulpliate 

4 No 14 I* the only anomaly in a large number of obierrationa 

A comparison of Expenrnents 14-17 with Nos. 18-20 illustrates the 
difference between the action of “ peptone ” on plasma from an animal under 
complete annsthesia (A C. E.) and the action of similar quantities of 
" peptone ” on blood from a pithed animal 16 minutes after the discontinuance 
of the anaesthetic. 

There is consistently less “peptone” inhibition of clotting when the 
animal is under anaesthesia at the time the blood is obtained. Early m these 
experiments it was evident that the shed blood of anfesthetised animals was 
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1 H«petitiuu of Nos 18 and 19 gOTO Hie same results 

2 In No 20, after 20 ininutos the gel appeared to iKjuofy, due prohahl; to sjuoresis 

2 Flasma was obtained from nniuinl respiring air 

more prone to coagulate rapidly than that of pithed animals 15 minutes after 
reapiring only an J'oi this reason, except for the exjienmeiits cited above, 
all observations not on pithed animals weie discarded 

In both the last two senes of expiTiments typical syneresis was exhibited 
in the clots formed The view that blood platelets are necessary for the 
production of syneresis (Hordot and Delange, 45) may be mentioned 

The Injiuence of Speed oj Injection on the Aelum and Immunity to (he Action 
of Teptone on Bloml. 

Fano (46) found that, if “ peptone ” is injected slowly into the circulation, 
it has not any anticoagulant action on the blood, and later Nolf {loc cit ) 
showed the concentration of “ peptone ’’ as well as the speed of its injection 
to be the determining factors either in the production of anticoagulant action 
or complete or partial immunity thereto Nolf explained the immunity 
following minimal doses injected lapidly and larger doses injected slowly by 
suggesting that leucocytes are not acted upon by " peptone ” if delivereil 
sufficiently slowly, and that they become accustomed to increasing doses The 
leucocytes, he believes, under these conditions fail to produce the nnknoum 
substance which stimulates the liver to secrete either antithrombiii or 
tibrinolysin. The experiments described in the preceding section demon- 
strate that leucocytes are not essential for the production of the anti- 
coagulant action of “ peptone ” tn viiro, and there appears to be no valid 
reason for assuming their presence to be necessary for the production of the 
same effect in vivo, when the concentrations are strictly comparable. 

In sharp distinction to the generally aixsepted view is that of Mellanby (47), 
who maintained that fluidity of peptone blood is due to the secretion of an 
excess of alkali by the liver, under the influence of a stimulus of injected 
"peptone,” and the "peptone" immunity is caused by the temporary dis- 
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appearance fioni the liver of the exceso of alkali secreted the toxic 

stimulus 

The next experiment, No 21 shows that if relatively large amounts of 
‘})eptoue’ are injected slowly, in minimal doses, over a long period of time, 
into a cat in which the circulation through the liver has been prevented, then, 
as in the intact animal no anticoagulant action is to be obtained 

EijHnment No 21 — Cat, 3^ kilos Pithed, artificial respiration Aorta 
ligatuied lieyninl thi coronary arteries, inferior vena cava above the 
diaphragm 

Over period of 1 houi 10 minutes 1 8 grm of ‘ peptone ’ in 0 9 per cent 
NaCl was injected in nine equal amounts, each injection being 2 6 cc in 
volume and being made at approximately equal inteivals of time 

Ihe coagulation times of the blood was taken it frcijiicnt intervals during 
the injection of the ‘ pejitone ’ and at no time showed any delay 

C ontiol Blood on Glass — Commencement of clotting, 9 minutes, comple- 
tion of dotting, 12 niinutps 10 seconds 

Ihe total amount administered was 1 8 grin , and as only about one-fouith 
of the animals blood was circulating the concentration of “peptone ’ in the 
blood at the end of the experiment may be estimated at 1 6 per cent , an amount 
much in excess of that required to jiroduce anticoagulant action both in 
whole cats and in cats in which the liver is not acting, provided that suih an 
amount IS injected slowly Moreover, reference to Exfieriment No 10 shows 
that a concentration of 3 5 per cent of peptone in the blood in u/tu produced 
incoagulability over a period of 24 houis Assuming in the in vivo experi- 
ment mentioned above that the quantity of blood dealt with was 60 c c , a 
concentration of ‘peptone” exceeding that requured to produce prolonged 
mcoagulabihty in mtio was injected without anticoagulant effect 

Some other explanation must therefore be sought for this immunity to the 
slow injection of “ peptone ’’ than is supplied by the divergent views of Nolf and 
of Mellanby These hypotheses have one point in common, they assign the 
cause of immunity to hepatic secietion, and it is precisely this pomt of both 
theories which is shown to be untenable by the experiments given above 
Whether the alkali reserve or the hydrion concentration of the plasma is 
concerned in these occurrences must be left for future determination There 
are, however, some indications which point m this direction Fano {loc cut ) 
showed that peptone blood could be clotted either by the passage through 
it of carlion dioxide or by neutralisation by acid Earlier in the present 
paper the influence of the concentration of carliou dioxide in circulating 
blood on the action of " peptone ” has been emphasised It is noteworthy 
that Mills (48) has recorded that a diminution of the alkali reserve occurs 
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pan passu with the coagulant action aiising from the intravenous injection 
of lung extract It is well known that the advent of asphyxia will 
determine the appearance of thrombosis after the injection of such amounts 
of kidney nucleoprotem as in the presence if mrmal amounts of carbon 
dioxide tend to produce in oagulability or immunity In like manner 
Halliburton and Pickenng (49) showed that an increase in the concentration 
of the carbon dioxide of the blood will annul the negative phase 
resulting fiom the injection of rnmimal doses of these synthesised substances 
which have been shown to bo intravascular coagulants (Pickenng 50) 

Still moie significant is the correlation of all these negative phases 
and tempoiiry immunities to the fact ns of the speed of action and 
concentiation of the toxic substances In this respect they art similar 
to the negitive pluses which occur in ztr) alluded to eaihoi in 
this paper 

There is a physical or jthjsico chemical interpietation indicated 
An application of the theorem of Le Chatchor (51) ra ly provide a moie 
satisfactory explanation than is afforded by current liypotliescs 

On E ipeuments with perfused Liiers 

It 18 commonly held that perfusion ot the liver affords evidence of the 
secretion of aiitithromhin by that organ Delozenue (52) and later Nolf (63) 
who had doubtful results found that poifusion of the liver with a mixture 
of deflbnnated blood and peptoue gave an mcoagulahlo hqiud which 
when added to shed blood retarded its coagulation Apparently these 
workers were unaware of earliei observations of Pavlofl (64) who had found 
that the circulation of a mixture ot defibrinated and nonrial blood through 
a heart lung preparation yielded a fluid which remained uncoagulated for 
several days Work is now in progress which indicates that certain products 
of autolysiB may act as anticoagulants, and in view of PavlofT s experiments 
it 18 superfluous to assume that Delezennes results were duo to hepatic 
activity Doyon (66) connected the carotid of one dog with the portal 
Vein of another and examined the coagulation times of blood from the 
inferior vena cava With young fasting dogs the first perfusates coagulated 
normally, but later samples showed delay in coagulation With adult dogs 
even after fasting no retardation of clotting was observed It is well 
known that the blood of embryos is resistant to clotting and these isolated 
expenments only afford evidence of a sumlar phenomenon in the blood of 
young fasting dogs 
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Summaiy aiul CoiuUiswn 

1 The retaidation of the coa^rulation of the blood resulting from the rapid 
intrav.i9culai injoctioii of ' peptone ” into either whole cats or into cats with 
Uie liver out of circulation is i educed or annulled by inciease of oaibon 
dioxide in the blood 

2 The anticoagulant action of peptone,’ if annulled by an increase 
of carbon dioxide, can be restored by adniinistiation of oxygen oi of 
excess of air 

3 In jiithed animals respiring an the retardation ot coagulation of shed 
blood following the ia])ij injection of moderate amounts of peptone,’ can 
bo produced when the hvei is out of the ciiculation 

4 Previous failures to obtain this usult are due to attention not having 
been pan! to the increase of cnibon dioxide in the blood of animals with 
impniied vitality following ojieiation and piolonged naicosis 

0 With suitable pieeautions to preseive the siiiface conditions of the 
blood typical ‘peptone ’ delays of (oagulation can be obtained ui viiio with 
quantities of ‘ peptono no greater thin are required to pioduce a similai 
effect in the living animal 

6 If special precautions are not taken to preserve tlie surface conditions of 
shed blood, admixture m vU/o with moderate amounts of “ peptone” causes 
no appieciable anticoagulant ihect 

7 Leucocytes play no pait in the anticoagulant action of peptone” on 
blood 

8 It IS superfluouB to assume that the anticoagulant action of ‘ peptone ” on 
blood 18 due to hepatic secretion of an excess of alkali under the toxic stiniulus 

9 It 18 unnecessary to assume that the anticoagulant action of " peptone ’ 
18 due to the secretion of untithrombiu, either by the liver or by other cells 
of the body 

10 Typical immunity to the action of " peptone ” on blood can be obtained 
by injecting maximal amounts, in repeated small doses, into animals with the 
liver out of circulation 

11 The cuireut hypotheses on ‘ peptone ” iniinuuity are shoitly discussed, 
and reasons given lor not accepting them Immunity to “ peptone ” appears 
to be a physical process akin to adsorption 

12 fixpenments on the pertusion of the liver do not show that anti- 
thrombin is normally scoictcil by that organ 

13 If the foiegoing conclusions are correct, it follows that in the inter' 
pretation of the coagulation of the blood it is unnecessary to assume the 
existence of antxthromhin, pro atUUhrombin, and aidi-prothromhin 
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14. If antithrombin is not a normal secretion of the liver, some explanation 
of blood coagulation, other than the current “ thrombin theories,” is necessary. 
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1 Introduction 

So conflicting are the statements made by physiologists and pathologists 
alike relating to the mechanism by which ‘ an increased afflux of blood to a 
part 18 brought about, that it was felt desirable to mvestigate this important 
phenomenon Let us first consider the present state of knowledge regarding 
the possible factors involved 

(i) Vcuo coTutnetor Nerves (neuro paralytic hyperamia) — The existence of 
vaso constnctor nerves was first demonstrated m the cervical sympathetic by 
Claude Bernard (1862), and mdependently by Brown Sdquard. The inter- 
rdption of the normal stream of impulses from the vaso-motor centres along 
these nerves gives rise to a " neuro paralytic hypersemia.” such as is met with 
surgically in wounds of the neck, or in lesions of the spinal cord. Dtmng the 
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normal functional activity of a particular orgau, reflex excitation of the vaso- 
constrictor nerves of the lestiug oigans liberates a maximum blood supply foi 
the working organ , this is a regulating mechanism of the central nervous 
system which ensures a more efficient functional hypersemia of the working 
organ (Lov4n, 1866 , Bayliss 1920) 

(u) Vano-dilator Nei'ves (neurotonic hypertemia) — The fiist evidence for 
the existence of vaso dilator nerves was supplied by Claude Bernard (1868) 
who found that stimulation of the chorda tympani caused not only secretion 
by the submaxillary gland, but also dilatation of its blood vessels Yulpian 
showed the reddemng of the tongue upon stimulation of the lingual nerve, 
and proved that the fibres concerned came from the chorda tympani Goltz 
had noticed that whereas stimulation of the sciatic nerve, when freshly out, 
caused pallor of the skin of the toes and a lowermg of temperature as 
measured by a thermometer placed between the toes the same stimulation of 
the nerve two days after section caused reddenmg and a rise of temperature 
He concluded that vaso-dilator, as well as vaso-oonstnetor nerves, existed m 
the soiatic, and that they resisted degeneration for a longer time than the 
vaso-oonstnotors Bernstein showed that the vaso dilator fibres in the sciatic 
could be excited independently by means of slow rhythmic shocks, especially 
in a leg wluch had been previously cooled 

The remarkable nature of the vaso dilator supply to the hmbs, skin of the 
tiuiik,and probably of the ears and face, and to the intestine, was not explained 
until 1901, when Bayliss investigated vaso-dilation in these regions produced 
by stimulation of the peripheral cut ends of the corresponding dorsal roots 
The work of Head and Campbell (1900), on herpes zoster, shows this disease 
to be due to irritative lesions of the doisal root ganglia, which give nse to 
abnolmial impulses in an efferent (anti-dromio) direction along the sensory 
fibres to the skm , whether stimulation of vaso dilator nerves can produce 
blisters has not jet been proved Niman Bruce (1910) showed that the 
“ neurotomc hypersemia ’ (Adami), produced m the conjunctiva by an irritant 
like oil of mustard, could be prevented by first paralysing the sensory nerves 
with cocaine, or by section and degeneration , this was explained as an “ axon 
reflex," since the hypersemia depends on the integrity of the sensory fibre 

(ill) Vouo-dxlator Svistanoes (a local hypersemia) — It is generally held that 
the hypersemia of inflammation arises from the notion of physical and chemical 
agents directly upon the blood-vessel wall The great similarity between a 
wheal produced by the lash of a whip, for example, and the effects of a local 
introduction of histanune (/S-unuuuolyl-ethylamiJue) into a lightly scarified 
area of skin lends support to this view, since the depressant actum of histaxmne 
locally upon the capillary wall is definitely known (Hale and Bichards). 

2x2 
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What are the possible chemical vaso dilator subetanoes whioh’^Bay exert 
a depressor effect on the plain muscle or endothehum of the blood vessels 
of an organ so as to ensure a greater blood supply during activity ? Two 
possibihties are presented — 

« Acid Mtiahohiti The more or less completely oxidised products eq 
COj and lactic acid denved from the energy producing food stuffs 

/9 Batw split prolucts resulting from the wear and tear of the cell 
protoplasm 

(iv) Fmctwnal hyptrotmm — With this brief survey of the factors which 
produce vaso dilation we may embark upon the controversial question of the 
means whereby the functional hypersemia of an active organ is brought about 
Leavmg out of the liscussion the alterations in general blood pressure 
(mdt (i) ) the issue lies between neuro muscular vaso dilation and the 
automatic vaso Illation produce I by metabolites On the one 1 and among 
our best authorities we have some who regar 1 functional vaso dilation as a 
simple local effect of the metabolites resulting from activity just as the heat 
evolved results from the chemical changes of activity and there is according 
to them as little need to presume the existence of special vaso dilator nerves 
as there is to suppose the presence of caloric nerves 
Barcroft (1914, p 145) found that during stimulation of the sympathetic 
fibres in the submaxillary gland (cat) by means of adrenalin the vaso 
constriction ordinarily produced by a Irenalin on blood vessels is more than 
counterbalanced by the action of the vaso dilator substances produced when 
the gland secretes 

On the other hand it is well known that stimulation of the chorda tympani 
in an atropised submaxillary gland causes a vaso dilation in the total absence 
of secretion Barcroft explains this by advancing the possibility of lower 
grades of cellular activity without external secretion occurring in such 
cases and he actually found that during stimulation there was an increased 
oxygen intake m the atropised gland An examination of liis figures 
(p 147) shows for example equal metabolic rates for a 4 and 2 fold blood 
flow — 

Per cent increase m oxygen 55 oo 

Per cent mcrease in blood flow 333 102 

Here there must be as Bayliss (1920) points out a factor in addition to 
metabolites called mto play the hypereemia in the last experiment can 
hardly be caused by metabohtes ansing from activity of such ' subliminal 
degree ’ , it would appear that the neuro muscular mechanism is also excited 
to activity Anrep (1916) has shown that when secretin used to stimulate 
the pancreas is free from the depressor substance there is little or no 



Active Ht/percemia. 387 

sign of va 80 <dilation in the gland assooiated with secretin , this is also seen 
in some of the experiments of Barcroft and Starling (1904) on the gas 
exchanges in the pancreas. Thus, during the normal rate of activity in 
glandular organs, the metabolites are quickly removed and never reach a 
high concentration This is not the case with skeletal muscle where a 
prolonged contraction compresses the blood vessels and banks up the 
metabolites Asher (1910), by means of minute doses of sodium fluoride, 
was able to paralyse the secretory activity of glands without eliminating the 
vaso-dilator response, from which he concluded that vaso-dilation could occur 
independently of metabolites. 

The present investigation is an attempt to clear up these fundamental 
problems — 

n. To obtain evidence, if possible, for the undoubted existence of vaso- 
dilator nerves. 

b. To determine the relative part played by metabolites and vaso-dilator 
nerves in functional hypei«mia 

e. If vaso-dilator nerves actually exist and are not an essential to functional 
hypereemia, what, then, is their function ? 

2. Methods. 

i.- Measurement of vaso-dilation ; a. direct blood flow , 

b. indirect plethysmograph 

li. Estimation of metabolites : a alkali reserve ; 

b. lactic acid. 

The preparation . The tongue, as pointed out by Anrep, possesses unique 
advantages for the examination of these problems: the individuahty of 
function of its several nerves, which run separate courses, constituting an 
easy and very certain means of determining the cause of hypermmia. The 
functional activity is almost purely muscular, since the total mass of lingual 
glands is of comparatively insignificant amount. Doga were found to be the 
most convenient animals for these experiments which involved a good deal 
of operative procedure, the acoessibihty of the structures m these animals 
reducing injury to the tissues to a minimum. A preliminary dose of morphia 
was given and complete amesthesia maintained by means of chloroform and 
ether ; iu the few oases in which curare was injected deoerebration preceded. 
The Ungual and hypoglossal nerves were exposed on both sides, and the blood 
pressure vras recorded in the femoral artery. 

Venous outflow : A cannUla Vas placed in the anterior transverse vein 
connecting the two lingual veins, with ligatures and artery forceps so placed 



Mr. D T Hams 


u to allow of the collection of samples of blood from the lingual while 
permitting the normal flow in the interval No anti-coagulant was used, 
but all tubes and cannulse were paraffined The rate of flow was noted by a 
drop recorder 

For the estimation of lactic acid 20 c c of blood was collected directly 
into 0 5 per cent KHjP 04 , for the determination of the Fn and alkali 
reserve, the blood was collected under paraffin, oxalate being used as an anti- 
coagulant By attaching the hyoid bone to an isometno muscle lever, the 
tongue muscles could be made to woik against a lesistance and develop a 
measurable tension {eg fig 5) 

Plethymograph of the tongiu The changes in volume of a curarised tongue 
weie originally studied by Anrep (senior) and Cybulski (1884), and later 
with the same methods by Piotrowski (1893) For the purposes of the 
present investigation curansation could not be adopted for mamtaimng the 
tongue, or rather part of it placidly in the plethysmograph In order to 
permit the normal production of metabolites, a technique had to be devised 
which enabled one to take reliable records of an active mustulai organ 
Many failures were encountered befoie the following arrangement was arrived 
at of accommodating the whole tongue in the plethysmograph and preventing 
Its moving in and out duiing contraction 

The genio hyoid muscles were detached from the symphjsis of the jaw and 
the mucous membrane of the floor of the mouth was cut through m close 
contact with the alveolar margin as far back as the anterior pillars of the 
fauces The tongue was now drawn out ventralwards, all bleeding arrested 
by hgature and cautery and the cut edges of the raucous membrane 
sewn together round the gcnio hyoid muscles carefully avoiding pressure on 
the bngual vessels and nerves , the whole tongue could thus be placed m 
the plethysmograph To prevent traction on the root of the tongue from 
without a tracheal canula was inserted, the trachea being completely cut 
across , all muscles coming up to the hyoid were cut between ligatures, and 
all branches of XII, other than those to the tongue, were severed , finallyi 
to completely immobilise the larynx and hyoid, a steel rod placed through 
the mouth into the larynx, and emerging from the upper end of the 
transected trachea, was firmly clamped to the same stand as the 
pletiiysmograph 

A plethysmograph of circular cross section was selected which just fitted 
the tongue , it was fitted with a cuff of membrane rendered air-tight, yet 
soft, by means of vaseline When adjusted it was covered with cotton- 
wool and connected to a piston recorder time was allowed for temperature 
a4ja8tQient 
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3. The Vaso-consthictor Nerves. 

The vaso-constrictor hbrea are supposed to be derived from the cervical 
sympathetic and run in the hypoglossal nerves . the sympathetic fibres for 
the muscles of the tongue seem to run, not in the hypoglossal, but in the 
chorda tympani (Boeke, 1921). 

The right vago-sympathetic trunk was ligatured in the neck, cut below 
the ligature, and the vagal portion was transected at its emergence from the 
skull. Faradisation of the peripheral end of the R. sympathetic affected the 
venous outflow in the manner shown in fig. 1. 

During stimulation the drops are seen to become less frequent and on 
removal of the stimulus the still further decrease indicates that either the 
vessels immediately relax and accommodate the first outflow of blood, or there 
is a marked “ after effect " following the stimulus. 

Faradisation of the hypoglossal nerve in the curarised animal verifies the 
fact that the vaso-constrictors run m this nerve (fig. 2), as was first clearly 
shown by Anrep (senior) 



Fio. 1. Fjo. 2. 



Stimulation of the made-up hypoglossal nerve with only a single sliock (to 
avoid any appreciable “metabolite” effect) causes an emptying of the 
collapsible veins and capillaries by simple compression of the contracting 
skeletal muscle. It is here suggested that the arterioles, by the simult^eous 





«90 


Mr. D. T. Harris. 


stimulation of the vaao-constnotor^nerves have their lumina reaiiiered less 
liable to extinction : this would prevent a reversal of the blood stream and 
maintain a patent system for the onrush of blood following repeated 
contractions (fig. 4), or a prolonged contraction (fig. 5). It is difficult to 



Fio. 4. 



imagine what function vaso-constriotors, bound up with a motor nerve, 
might serve. Fig. 6 shows the steady diminution of the tension developed 
in the tongue arising from the anssmia produced by its own contraction. 

4. Tbk Yaso-diutor Nkbvks. 

Fig 6, m the opinitm of the writer, constitutes the moat convincing single 
piece of evidence in favour of the undoubted existence of vaso-dilator nerves. 
Simh a huge vaso-dilation in the absence of any muscular activity must be 
independent of metabolites. The effect produced by a similar shook upon the 
motor nerve is seen in fig. 3, where one would expect a greater production of 
metabolites, yet vaso<dilation is absent. 

How very effective a mechanical stimulus is in evoking vasodilation 
(Bayliss, 1920), by excitation of the lingual nerve, is seen in the plethysmo- 
graphic reeord of the tongue in fig 7. 
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It must be acknowledged, however, that the vaso-dilator fibres have a 
long latent period (5 seconds), time enJagh to allow of the production of 
metabolites. To see the drops of venous blood issuing from the lingual 
vein suddenly burst into a continuous stream of bright arterial colour on 
stimulation of the lingual nerve while the tongue remains m a state of 
restful indifference, is a most simple and convincing demonstration of the 
individual existence of vaso-dilator nerves. 



Fio. 7. Fio. 8 


Let us examine further the theory which explains vaso-dilation by the 
uction of metabolites. This theory has been based upon the metabolism of 
the submaxillary gland as measured by its oxygen intake, which is found to 
be increased in all conditions in which vaso-dilation acoompanies excitation 
of its nerves, and this increased gaseous metabolism only slowly dies down 
(Baroroft and Kato, 1916). The oxygen consumption m the tongue has been 
recently measured by Anrep and Evans (1920), and the mean rMult of their 
experiments is shown in the following Table. 
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j I Flow of blood j Oxjgen used 

I c c /min I 0 0 /mm 
Dunng re«t 0 59 0 IM 

Stimulttion of lingual nerre 2 66 | 0 li2 

From this it will be seen that the stationary oxygen consumption lends no 
support to the metabobte theory for the explanation of the five-fold increase 
of blood flow obtained by these experimenters 

Measurement of the alkali reserve of the blood from the lingual vein and 
the blood from the femoral artery during stimulation of the lingual nerve 
shows them to be practically identical. This is seen in the following figures., 
obtained from different dogs under widely varying conditions ■ — 


Btimulatioii of lingual 

nerre ' 

Alkali reeerre of plaema 


Lingual T«n j 49 6 

68 5 1 67 0 

i 

70 

48 6 

Femoral artery 49 6 

64 0 1 67 6 

1 '69 

70 

49 0 


Thus, interrupted faradisation of the lingual nerve produces no measurable 
difference m the alkali reserve (COj metabolite), even when the vaso-dilation 
18 so great as to increase the blood-flow five t 8 > eight times, as in the above 
experiments (of course, the dilution of the metabolite proceeds at the same 
rate) In so far as gaseous metabohtes are concerned, there is no denying 
the existence of vaso-dilator nerves. 

Furthermore, no real difference was detected in the lactic acid-content of 
the blood issuing from the tongue during stimulation of the lingual nerve as 
compared with that in the arterial femoral blood, e.g., femoral artery, 
6 4 mgrm. per 100 ac, ; lingual vein, OK) mgrm. per 100 ac. 

If vaso-dilator substances are produced when the lingual nerve is excited, 
then they must necessarily be of a non-oxidative character and presumably of 
a very powerful nature ; the later stt^s of this investigation will show that 
such an assumption is unnecessary, since the vaso-dilator nerves of the 
tongue possess independent functions, and are not subservient to the func- 
tional activity of the tongue muscles 

The glossopharyngeal, the sensory nerve of the posterior third of the 
tongue, responds to stimulation just as the lingual does, but in a milder 
degree (fig 8 ); either it contains specific vaso-dilator fibres (rta tympanio 
branch, Loeb and Eckhard), or it is capable of conducting anti-dromic vaso- 
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dilator impulses similar to those found by Bayliss (1901) in the sensory nerves 
of the limbs 

5 Metaboutes 

Gaskell (1880) was the first to lay stress on the importance of the local 
vaso-dilator action of acid metabolites he observed the effect of lactic acid on 
the curansed mylo hyoid of the frog and measured with a micrometer eye- 
piece the dilatation of the blood vessels About the same time Sevenni put 
forward the view that ‘ the increased flow of blood through an organ when it 
IB in a condition of activity is due to the trophic dilatation of the capillaries, 
and not to relaxation of the vascular muscle He stated that oxy,|en diminishes 
the size of the capillary lumen, because the nucleus of the cells of the capillary 
wall (nucleus of Golubew) becomes more spherical while conversely with 
the action of CO 3 it flattens out in the cell, and so the lumen is greater 

More recently, Krogh (1919) has observed the circulation in the thin 
muscles of frogs and guinea pigs, chiefly by reflected light, with a binocular 
microscope , he finds that when muscles contract, either spontaneously or as 
a result of artificial stimulativn, many more capillanes spring into view and 
when the contraction is over they disappear again , capillary dilatation also 
occurs when certain irritants and narcotics are applied locally to the tissue, 
and in these cases the capillary dilatation is not to be explained by dilatation 
of the arterioles. This independent state of contractility of the capillaries 
is seen in the action of histamine which dilates the capillaries and constricts 
the artenoles (Dale and Bichards, 1918) This drug exerts such a powerful 
action on the vessels that the injection into an animal of an amount equal to 
one millionth of its weight will cause a fall of blood pressure to one half 
and a condition indistinguishable from sprgical shock (Dale and Laidlaw, 
1919) The possibility of the production in minute quantities of similar 
substances during cellular activity must be kept in mmd, though none have 
been isolated up to the present Still, it must be pointed out that the vaso- 
dilation produced by the action of histamine in cats and dogs is replaced by 
vaso-constnctioD m the guinea-pig, so that it would be totally unjustifiable to 
assert that this substance plays the part of a general metabolite to bring 
about vascular dilation in active organs It must also be mentioned that 
adrenalin in very small doses also possesses a dilator action on the capillaries 
(an effect which appears to be independent of the sympathetic), but the 
concurrent action on the artenoles is more pronounced than is the case with 
histamme (Dale and Bichards, 1918) 

A similar condition of affairs is seen in chilblains, when the capillanes are 
distended with blood of venous colour, owing to the impoverished oxygen 
supply resulting from the simultaneous artenolar constriction 
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Functional ActxvUy. 

A plethysmographic record of the tongue during the application of a single 
induction shock to the hypoglossal nerve (fig 3) shows a simple compression 
of the collapsible vessels by the contracting muscles and a complete return to 
normal without any appreciable after effect of vaso-dilation. 

When a tongue is made to develop tension against a muscle lever we note 
during the application of a series of successive induction shocks (fig. 9) a vaso- 
dilation which lasts for more than a minute after stimulation (see also Verzar 
1912). One of the earlier (imperfect) plethysraographic records shows this 
hypersemia very well (fig. 10), the vaso-dilation yielding a pulsatile tongue. 



Fio 10 


During faradisation of the motor nerve the blood flow is almost completely 
arrested by the compression of the contracting muscles (fig. 11). It is obvious 
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that when a muecle is exerting ite niaximnm effort anil there is no alternation 
of contraction between groups of muscle-fibres, to sustain the effort for a 
considerable time involves the working of the muscle in the complete 
absence of fresh blood ; m addition to the possible production of metabolites 
of activity we have here to consider the development of asphyxial products. 
This is a point of great impoitance in physical culture, eg , the maintenance 
of a continued position like “ attention ” The phenomenon is seen in its 
most exaggerated form m muscular “ cramp.” 



Fio. 11. 


Isehcemia : The vaso-dilator effect of asphyxial products may be seen by 
placing artery forceps on the lingual arteries (fig. 12); on releasing the 
forceps the tongue dilates to an extent greater than in the resting condition 
and pulsation becomes more marked This result confirms the findings of 
Anrep (1912) for the fore-limb. 



Venous OongesHon : Compiessiofi of the linpMl vein laedi to venons engorge- 
ment of the tongue ; on releasing the clip the venules quickly empty but the 
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artenolea and oapillariea, probably, remain dilated until the aaphyShd ^roduots 
are removed (fig 13). The long upward curve oorreaponda to the stage of 
“ paaaive hypenemia ” while the awelling a few seoonda after the release of the 
compreasion ia a true active hyperaemia; the former is therapeutically 
regulated in Biei’a treatment, though even here the long application of a 
tourniquet may also involve another doubtful factor — the swelling of the 
body oolloida (M llaoher, 1920) 



Fte. 13. 


Both iscbeemia-and congestion produce like effects and the aspbyxial products 
arising from them are additive (fig. 14). A corresponding additive effect is 
obtained with the metabolites of activity and asphyxial products (fig. 16), 
from which a similarity between these substances may be inferred. 

Chemical Vaao-dUaior Substances: Schwarz and Lemberger (1911) found 
that the injection of loo. of molar HCl into the central end of the left 
subclavian artery caused obvious dilatation of the blood vessels of the sub- 
maxillary gland. Comparing different acids, their action was not found to 
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correspond to the H-ion concentration. The effect, as they point out, la 
really produced by COj driven off from the bicarbonate of the blood. Acids 
weaker than COg were inactive 
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In order to put this to a more direct and measurable test, 1 c.c. of liinger's 
fluid containing the substance was slowly introduced through a fine hypo- 
flermio needle immediately into the lingual artery without occluding it, thus 
minimising the capacity effect Plain Einger, sodium bicarbonate, and lactic 
acid were found to produce a vaso-dilation in the order named (so that the 
effect of Einger alone must be discounted), but the effect produced by lactic 
acid was much the largest and most prolonged (fig. 16) and was in all respects 
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similar to the vaso-dilation produced by stimulatioa of the Hkgtwl nerve, 
(compare figs. 17 and 6) and by the normal metalolites arising ftom muscular 
activity (compai’c figs. 17 and 4) Lactic acid, directly or indirectly, is 
therefore a true vaso-dilator substancCk 

6. Functional Hypeilbmia. 

We must now arrive at a decision regarding the mechanism by which the 
vaso-dilation accompanying muscular activity is brought about. Let ns 
consider the first possibility, viz., that some form of reflex excites the vaso- 
dilator nerves into action at the same time as or soon after the stimulation 
of the motor nerve. 

hi glandular organs, the vaso-dilator fibres run in the same bundle as the 
secreto-motor fibres (e g , the chorda tympani to the subrnaxillary gland) and 
do not admit of direct analysis, the attempt to block one or other by means 
of drugs is not as convincing as simple section 

Incur preparation, however, it is the vaso-constrictor fibres which run with 
the motor nerve while the fibres with a vaso-dilator action are bound up in the 
separate sensory nerve ; we are thus enabled, by means of section, to interrupt 
any reflex arc (unless it be a peripheral axon reflex) through which vaso- 
dilation might be produced during motor activity. 

An examination of the accompanying plethysmographic records (figs. 18 
and 19) shows that as the initial mechanical stimulation of the lingual nerva 
(fig. 7) passes ofiT, the vaso-dilation produced by faradisation of the hypoglossal 
nerve gradually becomes as great after as before section of the lingual nerve. 



Fis. 18 . 

Division of the mc^r nerve makes no difference to the form of the odrve, 
the same degree of dilation being, produced by simulating the uncut nerve 
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as by stimulating the penpheral end of the divided hypo glossal (figs 19 
and 20) 


A large number of experiments was performed in the attempt to analyse 
the muscular contractions of the tongue during swallowing elicited by 
stimulating the central end of the superior laryngeal nerve The resulting 
vaso dilation was inappreciable smce the long period of rest between successive 
swallowings (5 seconds oi more) allowed of the complete removal of meta 
bolites and on the other hand section of both lin„usl nerves made no difference 
la the absence of any definite evi lence for a reflex excitation of the lingual 
nerve we must examine the metabolite hypothesis as a complete explanation 
for the hypersemia of inusoulai activity We have seen that lactic acid 
injected into the hngual artery can produce a typical vaso dilation Is lactic 
acid produced in appreciable amount during muscular activity ? The answer 
IS in the affirmative if in Eyffels method (1909) it is really lactic acid which 
IS being deternuned , estimations by this method gave the following lesults — 



Lactio acid in mgrm per 100 c o Ungual blood 
during nimulation of 


Lingual nerre 

llypoglotial nerve 

Dog 11 

fl 0 

40 8 

2C e (8 mine later) 

> 12 

6 4 

69 e 

48 0 (1 mm Uter) 

18 

16 0» 

64 0 

. 14 

8 4 

40 8 

Meui 

9 S 

49 8 


* Aft^msuMsiUUoii from temporary Mphyziii 
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Dunng stimnlatioa of the hngual nerve there is the same ooose&tration 
withm the limits of experimental error, of lactic acid in the blood of the 
Ungual vein as there is in the femoral arterial blood (vide infra). Thus one 
finds the lactic acid increcuted about five-fold in the venous blood of these 
experiments, in which the blood flow was maintained at twice its normal rate 
by interrupted faradisation of the motor nerve , if the normal rate of venous 
outflow had prevailed then the lactic acid concentration would have risen ten- 
fold , and in tetanus its conoentration must be tremendously high. 

The production of lactic acid would lead one to expect a reduction in the 
alkali-reserve according to the equation 

HCaHjOa + NaHCO, = NaCjHjOs -t- HjO + COj 


but estimations show a simultaneous increase in the alkah-reserve ’ — 


ilksli r«MrT« of 

Tongue | 


Lingual 

Dunug sti 

nerve 

nulation of 

Hypogloeeal uerre 

Venou. 

Artenel 

Venom j 

Arterial 

Venous 

Arterial 

Dog 15 

65 

66 

64 5 1 

65 

so 

64 

„ 16 

71 

70 

71 

71 

88 

76 




1 


83 

74 

17 

M 

64 



69 

64 

„ 18 

6:2 

60 6 

- 


64 

64 

19 



40 6 1 

60 

67 

60 

X 

61 

60 

60 

69 

78 

69 

.. 21 

— 


47 1 

48 

69 

4.3 

Mean —a 
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This absolute rise of mne in the alkali-reserve on a mean arterial alkali- 
reserve of 62-5 is equivalent to an average increase of 16 per cent. It is 
abundantly clear that both COs and lactic acid are important metabolites of 
muscular activity. Fletcher (1907) found that an evolution of COj follows a 
production of lactic acid in the frog’s gastrocnemius. 

The carriage of such large increases of acid by the blood became a problem 
of so much interest that the relative part played by plasma and corpuscles 
was investigated. The blood was collected under paraffin, NaF being used 
as an anti-coagulant, smce it possesses the double advantage of not interfering 
with the estimation, and also preventing glycolysis (Ologne et.Riohaud), 
glycolysis having been shown to be associated with the formation of lactic 
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acid in shed blood by Evans (personal communication). The results obtained 
are shown here : — 




Stimulation of 



langual nerre 

Hypoglowal nerve 

Lactic acid 





(tngnu in 100 o o. each of) 

Ptaama 

Corpuaclei. 

Plaema 

Corputclei 

Dog 22 

16-0 

16 0 

62 0 

68 0 

23 

12 6 

12 0 

18-4 

16 0 

.. 24 ' 

8-0 

8 8 

16 0 

20-8 

Mean | 

12 2 j 

12 6 

32 1 

S4 9 


Taking into account the haematoorite values of these bloods, the lactic acid 
would appear to be evenly diflfused through plasma and corpuscles. 

The corpuscles from exercised muscles seemed to show an acidity of their 
contents markedly higher than the plasma in which they were laked even 
when NaF was used as the anti-coagulant {vvle infra). Two dialysing sacs 
were prepared (Dale and Evans, 1920) and half filled with saline and water 
respectively (both of known Pn and corrected for) and a comparison made of 
the Ph , such results as the following were obtained • — 

Dog 25 Dog 26 

Corpuscles intact (in sahne) 7 36 7 40 

Ruptured corpuscles (in distilled water) 7 20 7 25 

It must be mentioned, however, that laked corpuscles (frozen and thawed) 
always exhibit a slightly lower Pn than intact corpuscles. 

An increase of lactic acid m the blood is thus seen to be not incompatible 
with a rise of alkali reserve in the plasma, in view of the share played by the 
corpuscles in bearing the onslaught of the acid attack. It must further be 
admitted that the red corpuscle is permeable to the lactic acid ion, and the 
following is advanced as a possible explanation of the events . — 

1°. Diffusion of the lactic acid from the working muscle into the alkaline 
tissue fluid 

Lactic acid -t- NaHCOs — ► Sod lactate + HiCOs- 

The oarbonio acid given off diffuses through the vessel wall where it exerts 
ita vaso-dilator effect (vide flgs. ’4 and 17 ; note in the latter the direct 
aatringent effect and the indirect effect of lactic acid due to OOj). 
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T Diminution of the plasma chlorides and increase of the alEth reserve 
(L J Henderson 1909) 

HjCOa + NaCl NaHCOg+HCl 

from 1 of plaHina alkali reserve 

S*’ Some free lactic acid is formed from part of the sodium lactate in fl) 
and part of the H Cl in 2° 

Sod lactate + HCl — ► Lactic acid + NaCl 
This lactic acid penetrates the corpuscles just as the HCl from 2° does 
(Hamburger 1904) and the HjCOs frcm 1° (Buckniaster 1918) 

4° The oxidative removal of lactic acid continues for some minutes 
(Fletcher and Hopkins) and coincides with the recovery heat production (Hill) 
and the increased oxygen intake (Verz\r) following muscular activity 

It 18 believed by many though on insufficient data that lactic acid and COj 
act by increasing the H ion concentration Calculation of the Pji of the blood 
from measurements of the alveolar CO* may show a diflerence of 0 02 dunng 
muscular exercise (Campbell Douglas Hobson 1914) a rise of acidity has 
been inferred from estimations of the affinity of the blood for oxygen 
(Mathison) more recently Barcroft and Parsons (1920) have found that 
muscular work causes a fall in Pn of 0 08 in the blood when defibrmated and 
completely reduced 

The erythema arising m electro therapeutics in the area of the kathode 
suggests the possibility of a direct action by the H ions (or Na ions ?) In 
normal activity such a direct action of lactic acid is impossible in the 
presence of the bicarbonate of the tissue fluids the increase of alkali reserve 
seen to occur above must also tend to keep down the H ion concentration 
of the plasma hence the ultimate depressant of the blood vessel wall must be 
the COa Patterson and Starling (1914) working on the isolated heart lung 
preparation have shown that the heart relaxes more and more as CO( is 
added to the air ventilating the lungs Evidence is accumulating that COa 
possesses specific properties in its action upon the tissues which are not 
possesee 1 by other acids (Schwarz and Lemberger 1914 C Lovatt-Evans ) , 
fig 17 IS interesting in this connection 

Finally we have shown in § 5 that COa and lactic acid when injected mto 
the blood stream act as powerful vaso dilator substances and again m § 6 
that these acid metabolites are formed in increased amount during muscular 
activity In so far as functional hyperwmia is adequately explained by the 
vaso-KliIator action of metabolites we are in full agreement with Barcroft 
(1914), but in §4 we have shown the separate existence of vaso-dilator 
nerves which were not at least in the above experiments called mto play 
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duHDg muscular activity We must consequently expect to find other 
functions for the vaso-dilator nerves 

7 Control of Body Temperature 

The fortunate employment of the dog gave the clue to a possible function 
of the vaso-djlator fibres in the lingual nerve It is a common fact that dogs 
resort to pantmg and extiusion of the tongue for cooling of the blood The 
effect upon the blood flow lu the tongue resulting from the stimulation of the 
heat receptors in the skin was therefire studied 

The fur was out ofif a radiant heat hemi cylinder was placed over the trunk 
of the animal the venous outflow from the lingual \ein recorded and the 
rectal temperature observed throughout the experiment 

The warming of the skin caused hyperftniia and increased lingual blood 
flow long before the body temperature was appreciably raised (fig 21 land ii) 
In all cases where this response did not occur the body temperature steadily 
advanced, Stewart (1913) also emphasises the importance of reduced blood 
flow in fever 

To test whether this was an effect of heated blood directly upon the vessels 
or a reflex mechanism the lingual nerves uere cut on both sides and time 
given for the effect of this stimulus (hg 7) to pass off The application of 
radiant heat to the skin of the tiunk was now not followed by lingual 
hypenemia (fig 21 in and iv) 
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The same results were obtained in another dog which was immersed in a 
warm bath It is thus apparent that a nervous reflex of this nature brings 
about a quicker response than could be obtained by the heating up of the 
whole blood , and further the nervous reflex ensures vaso dilation of that 
particular organ which is most favourably disposed for the cooling of the 
blood whereas heated blood would have a generalised effect on external and 
internal organs alike It is po^ible that the flushing of the face in man in 
emotional states and in fever may also be accounted for by similar reflexes 
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involving vaao-dilator nerves Measurements of the blood-flow, bjr'?rt«wart’8 
method, in the hands and feet durmg fever show that the cutaneous vessels 
dilate dunng fall of temperature by cmw 
Whether the vaso-dilation of the tongue plays any part in the sensation of 
taste was not investigated 


Conclusions 

1 The Ungual nerve contains true vaso-dilator fibres, just as the sympa- 
thetic contains vaso-constnctor fibres , both are equally independent of the 
intervention of metaboUtes 

2 No evidence was found that functional hypereemia is due either to 
diminution m vaso-constnctor tone or to increase in vaso-dilator tone 

3 The experiments show that the mcreased blood-supply dunng muscular 
activity IS due entirely to tbe products of metaboUsm, the absence of a 
simultaneous excitation of the vaso-dilator nerves during voluntary move- 
ment, though probable, is not proved 

4 Of tbe metabolites estimated, COa and a. OH organic acids were found 
to be increased 

6 Apart from muscular activity, one function of vaso-dilator nerves 
was found to be concerned with the control of body temperature, active 
hypersmia in the dog’s tongue may be induced by reflex excitation of the 
vaso dilator nerves through stimulation of heat leceptors m the skin • 
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The Acxdxty of Muscle during Maintained Contraction 
By H E Eoaf 

(Communicated by Sir Charles S Sherrington, Pres R S Received March 11, 1922 ) 
(From the Department of Physiology, London Hospital, Medical College ) 

In 1913 I described a method for recording changes m hydrogen-ion 
concentrations m tissues, by means of a manganese dioxide eleotiode m 
combination with a calomel electrode (1) By this method it was shown that 
the acidity of muscle probably increased at the same time as, or slightly 
before, the tension increased, and that the acidity decreased as the muscle 
relaxed (2) 

In a paper which appeared as this note was being prepared for pubhcation, 
Ritchie* states that he has been unable to detect a variation in acidity by the 
use of manganese dioxide electrodes I am inclined to thmk that his failure 
18 due to the injury to the muscles on insertion of wires into its substance 
In my own expeniiients the wires rest on the surface of the muscle 
The electrical change observed by me is not due to spread of potential from 
the stimulating circuit because in some records a potential is recorded 
corresponding to the time of stimulation This potential is quite separate 
from the laiger potential ascribed to the acid production, and it may be in the 
same or in an opposite direction from that which accompanies the contraction 
In my expenments I took precautions to minimise movement df the 
electrode on the surface oi the muscle, and any slight movements are probably 
less important with the sartorius than with the gastrocnemius Change of 
potential, due to movement of the electrode would probably vary in direction, 
whilst with the manganese dioxide electrode the change is always in the same 
direction If the electrode did move on the suriace of the muscle it is unlikely 
that the potential would return to its former value as it is seen to do in most 
of my records 

Other forms of metallic electrodes would give changes of potential depending 
on the chemical reactions that take place in contact with them 

I do not think that the change shown by a manganese dioxide electrode is 
due to polarisation If the electrodes are so placed that no difference of 
potential is shown durug contraction by non-polsnsable electrodes, it is 
difficult to see bow any difterence of potential will be produced when one 
calomel electrode is substituted by a manganese dioxide electrode and the 
* A D Ritchie ‘Joum niyaiol,’voI C6, p. 53 (1022) 
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contact potential has been pioperly balanced If there is no difierence of 
potential there cannot be any current therefore there will be no polarisation 
If acidity 18 related to tension in muscle it is necessary to show that 
acidity remains when the muscle tension is maintained and decreases when 
the tension falls In order to test the relation of acidity to muscle tension 
two experimental procedures were tned 
In the first, veratnn was painted on the frogs muscle after a lecord of the 
normal contraction had been made The out standing feature of the action of 
veratnn is that it does not affect the increase in tension of the muscle but 
that It delays the relaxation 

With such a preparation the acidity as shown by the manganese dioxide 
electrode remains also Fig 1 shows a muscle twitch of a fresh sartonus 
whilst fig 2 shows the result with the same muscle after it had been treated 
with veiatnn (1 10®) 

For the second procedure a decerebrate oat was used This preparation 
shows a marked tension (decerebrate rigidity) in the limb muscles The 
tension can be abolished by cutting the efferent nerves to the muscles or by 
refiex inhibition as the result of stimulation of an afferent nerve 

In decerebrate preparations the rigid muscles show a greater acidit} than 
when the muscles are paralysed by cutting their efferent nerve supply as 
shown by the following results — 


Table I — Decerebrate Preparations showmg Potential m Volts between a 
Manganese Dioxide Electrode and a Calomel Electrode 


Date 

R Sartonu! 

Eigid 

! 

L Sartor u* 

1 After cutting 

Difference 

Kigid 

After cutting 
noire 

1 D fference | 

«7I8 

0 8dS 

0-004 

0 321 

0 186 

1 -0 169 

0 888 

1A7 U 

0 818 

0 249 

0 063 

0 349 

0 248 

0 007 

8821 

0 860 

0 206 

0 no 

0 866 

i 0 771 

0-096 

] 


Arcrage 

0 rs 


Arsrage 

0 162 


Although lh« sbaoluto tsIum of theie aro unreliablo it is olsar that paralysing the muscle 
always gires a rasnlt eorrespoBding to a decrsase in acidify 


In order to demonstrate further that removal of maintained contraction 
canoes decrease in acidity a reflex vasto cruieus preparation was used (3) 
The (Mtrtorius was removed and the electrodes placed on the surface of the 
VMto crureuB On causing a reflex inhibition by stimulation of the ipsilateral 
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Fia I.— Simple muacle twitch. 



Fie. 8.— Record of same mowsle after treatment with veratrin (1 Recorde read 
from right to left. Top line, time in 1/6". Second line, eignal for einf^ break-ebook 
given to muscle. Bottom line, downward movement shows increased tension bjr 
muscle. Shadow shows movement of mercury in capillary. hCovement upwards 
corresponds to increased acidity at manganese dioxide electrode. 
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sciatic nerve, as shown in fig 3, the end result corresponds to a decrease m 
acidity The initial result is still doubtful as the figure reproduced shows a 
movement of the mercury in the opposite direction before the inhibition 
occura This result may be due to either a shght contraction before relaxa- 
tion,* or setting free of acid from the muscle preliminary to its removal by 
some other mechanism 



Flo S — Beoord of reflex inhibition Indicatione m in figs I and 2, but relaxation of 
muscle IS shown by a line which starts above time marker and falls across it, instead 
of the record of contraction shown below Belaxation is accompanied by decrease 
in acidity 

The results indicate that acidity and tension in muscle are concurrent 
Thus It may be better to investigate, not how the contraction is maintained, 
but why the acid remains and is not removed as in a simple twitch The 
results farther suggest that as acidity is common to both tetanus and tone 
probably the mechanism for the production of both is the same t e , that there 
18 one mechanism in muscle and not two 

1 wish to thank Mr F 0 Smith for assistance in some of the expenments 
on decerebrate cats Some ot the apparatus for the research was obtained 

* Sir CharlM Shemngton informs me that weak reflex inhibition is frequently pre 
ceded by a alight contraction This fact » in favour of the view that the slight 
increase in acidity, shown before relaxation occurs, is due to a preliminary increase in 
tension 
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On the Heat Production and Oxidation Processes of the Echino- 
derm Egg during Fertilisation and Early Development 
By C Shkarkr FRS 
(Received March 25, 1922 ) 

(biom the Biochemical Laboratory, Cambridge ) 

IrUroduetion 

In the following expenments an attempt is made to measure the heat 
liberation of the ovum on fertilisation and early development and to 
correlate this with the amount of oxygen consumed and the carbon dioxide 
given off at the same time New methods hitherto unused foi this purpose 
have been employed The question has already been investigated by 
Meyerhof (1) in an extensive paper published in 1911 He determined the 
heat production and the oxygen consumption of the egg of the sea-urchin 
Strongylocentrotvs on fertilisation and early development The heat production 
was measured directly by means of a finely divided Beckmann thermometer, 
while the eggs were contained in a small clos^ vacuum flask completely 
submerged in the water of a carefully regulated thermostat The oxygen 
consumption of the ^gs was at the same Ume determined at intervals of an 
hour, by the titration of the sea-water in which the eggs were kept with 
sodium thiosulphate by the Winkler method 

The heat given off by a known quantity of eggs expressed in gram 
calories per hour divided by the amount of oxygen consumed in the same 
time expressed in milligrams gave him a calonfio quotient which he calls 
“ Q ” This he found for the early stages of segmentation to be about 2 76, 
but if the heat of solution of carbon dioxide to form bicarbonate with the 
sea-water is taken into consideration this value beooDaes 2 6 This figure is 




Processes of the Echtnoderm Egg dunng Fertiluation 411 

BO low, however, as to suggest that hu data for the heat hberation or the 
oxygen consumption are incorrect, or that the oxidation processes of the egg* 
cell on fertilisation are of a different character from those of adult 
metabolism It has been shown by Zunst and Schumberg Bauber Pfliiger 
and otheis, that when fat is consumed this figure should be in the vicinity 
of 3 3, when protein 3 2, and carbohydrate 2 9 Meyerhof could find no carbo- 
hydrate in the egg, and theie could be no destruction of protein, but sufficient 
fat was found in the egg to give the quotient observed In the case of fresh 
Sperm Q was 31 or nearly noimal The carbon dioxide production by the 
eggs was not measured 

The most important fact, however arising from Meyerhof s experiments 
was that, whether he took the unfertilised egg the fertilised, or the fertilised 
egg treated with phenyluretbane, so that cell formation was inhibited 
although development proceeded he found the value of this calorific quotient 
was always the same If any ot the chemical energy liberated in the egg 
as the result of the increased oxygen consumption of the egg on fertilization 
were utilised in producing thes visible morphological structure of the egg, 
then the value of this quotient could not be the same in all these instances 
Warburg (2) had already pointed out, that the oxygen consumption of the 
egg-cell on development always fails to keep pace with the increase m 
morphological structure In Arbacui he found the fertilised egg in the 
one cell stage during the farst hour of development oonsumed 4 cc of 
oxygen , in the sixth hour, the same quantity of eggs consumed only 
6 8 CO, although now the eggs were each composed of thirty two cells 
instead of one 

In anothei experiment where a larger number of eggs were employed, 
13 2 mgrm of oxygen was consumed by the eggs in the eight cell stfige, 
while in the thirty two cell stage only 205 mgrm was absorbed Thus, 
while the oxygen consumption doubled in amount the cellular structure had 
increased four-fold 

Meyerhof found the heat production of a quantity of unfertilised eggs 
oontaming 140 mgrm of nitrogen (about 17 million eggs) to be about 
0 9 grm calories per hour, while the same quantity of fertihsed eggs 
liberated 4 — 4 2 grm calories in this time In tiie second hour, the two-cell 
stage, the heat production rose to 4 5-6 grm -calories In tlie fourth hour, 
corresponding to the 8 cell stage, it was 6-6 6 grm -calories In the sixth 
hour, the thirty-two-cell stage, it was 9 8 grm -calories, and from this time 
onwards the heat liberation increased rapidly, until m the eighteenth hour, 
w^en the free swimming stage was^eached, it was 17 8 grm -calories per hour, 
or four times what it was m the first hour of development Once develop- 
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luent was initiated the heat production rose steadily witha|i4 pause or 
interruption It followed the oxygen consumption closely in all respects, and 
like this, showed no direct relationship to the rate at which morphological 
organisation took place within the egg No heat production could be 
observed during the formation of the fertilisation membrane or the early 
phases of the fertilisation process itself 

In all Meyerhof s experiments great over-crowding of the eggs necessarily 
took place and it is difficult to believe that under such conditions the heat 
production was normal In attempting to repeat his expeiimeuts, using a 
much larger vacuum flask and a smaller quantity of sea-urchin eggs where 
they were less crowded I was unable to get them to fertilise in the closed 
flasks As Loeb first pointed out, an abundant oxygen supply is the 
mvariable constant required by the fertilised and developing egg cell In 
my own experiments m oriJer to get my eggs to fertilise and segment 
regularly, I was forced to adopt some means of keeping them aerated during 
the course of the experiment If large quantities of eggs were employed 
(300-400 mgrm of egg nitrogen) then it wa^ absolutely necessary to carry 
out aitiflcial aeration, or otherwise a laige number of the eggs quickly died 
and soon cytolysed, and during cytolysis liberated an abnormal amount of 
heat As I have shown with bactena (3), the death process and cytolysis of 
all cells IS probably aocompanied by an abnormally high oxygen consumption 
and heat liberation On these grounds Meyerhofs expeiiments seemed open 
to criticism It was worth while repeating his experiments, usmg different 
methods which avoided, as far as possible, this difficulty Moreover, it 
was of interest to determine if a different method of measuring the heat 
liberation would give figures similar or of the same order as those obtained 
by Meyerhof 

The Winkler titration method employed by Meyerhof in estimating the 
oxygen consumption of the egg on fertilisation and development is somewhat 
unsatisfactory m that it probably gives too high a figure for the oxygen 
consumption of the egg The sea-urchin egg on fertilisation discharges a 
certain amount of organic slimy material mto the sea-water, which interferes 
to a considerable extent with the accuracy of the titrations earned out by 
this method The following expenments are for these reasons, to a large 
extent, a repetition of Meyerhof s work, using different methods for both the 
heat measurement and the oxygen consumption and carbon dioxide output 
of the egg The eggs and sperm of Echinus mtlians were employed This 
species bemg a shore form it is exceptionally favourable for work of this 
kind. It can be readily reared to the adult stage m small culture jars under 
laboratory conditions 1 have shown, working in conjunction with 
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De Morgan and Fucha (4), that this species can be readily raised to the 
«e;cually mature Fa generation m the laboratory if a few simple rules are 
followed in rearmg the larvae 


Methods 

In making the heat measurements the diffeiential calorimetric method has 
been adopted instead of the direct method employed by Meyerhof It requires 
no expensive fittings or elaborate thermostats, and has the advantage that a 
number of separate determinations can be made at the same time All the 
following experiments were carried out so that the eggs were efficiently 
aerated This was carried out so as not to interfeie with the accuracy of the 
heat estimations To test this point many preliminary experiments were 
made * All final calibrations were earned out under conditions identical with 
those of an actual experiment , the mean of 30 or 40 determinations being 
taken as the hnal figure 

The oxygen and carbon dioxide determinations were earned out by the 
employment of a special pattern of the Baroroft(6) differential manometer, 
m which It was possible to fertilise the eggs m the closed chamber of the 
instrument It was thus possible to record the oxygen consumption and 
carbon dioxide output of the eggs while the sperm were actually making their 
way mto the egg As this instrument and the mode of its use has already 
been desenbed in a previous paper (6), it is unnecessary to give an account of 
it here 

In the heat measurements the form of differential calorimetric method 
employed has been that devised by A Y Hill (7) and has alread> been clearly 
described by him at some length The method is based ou the fact that 
within fairly wide limits, a vacuum flask may be given any desired rate of 
conduction of beat to the outside by simply increasing or decreasing the 
volume of its fluid contents By placing the right quantity of fluid, in this 
case eggs in sea-water, in one flask, and an appropriate quantity of plain sea- 
water in another flask acting as a control, the two flasks can be given the 
same temperature fall They can then be used m making a differential 
determination, on being connected with one another by means of a thermo- 
couple, with one junction in each flask The thermocouple being m circmt 
with a delicate galvanometer, any deflection of the mirror gives the difference 
of temperature between the two flasks A copper-constantan thermocouple 
was used m circuit with a sensitive Ayrton-Mather galvanometer The 

* Aeration was carried out by bubbling a very tmall volume of water saturated air 
siipialtaaeously through both flasks at' regular intervals, the eggs in the flask being 
previously well aerated for 30 minutes before the oommenoement of the experiment 
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sensitivity of the galvanometer was such that, at 3 5 metres dlktaiiee, every 
milhmetre of the galvemometer scale represented 0 0013 9^ C The leads frem 
the galvanometer and thermocouples were brought to a specially constructed 
dial box furnished with two keys by winch three oi* four thermocouples could 
be thrown into circuit with the galvanometer, and also small resistances 
introduced in any of these circuits as desired All leads and terminals, 
including those of the galvanometer, were made of copper throughout, thus 
avoidmg any possible thermo-electric effects 
The vacuum flasks were the ordinary narrow-necked silvered Dewar flasks, 
made as “ refills " for commercial thermos bottles They were used m two 
sizes, having a capacity of 400 cc and 800 cc respectively The larger size 
have a coefficient of heat loss half that ot the smaller, and are therefore more 
accurate to work with wheie sufficient experimental material can be obtained 
The selection of the flasks was carried out in the following manner — Some 
40 to 50 flasks were obtained for rough testing These were all filled with 
the same quantity of water at 60° C They were then closed with plugs of 
cotton wool and put aside in a corner of the room free from draughts, and 
allowed to warm up for an hour Their temperature was then taken with a 
Beckmann thermometer, after which they were allowed to stand for 
24 hours when their temperature was again taken with the Beckmann 
thermometer It was usual to find four or five fiasks out of the lot that 
had very similar rates of temperature fall, and these were selected for 
further calibration Their coefficients of heat loss were then carefully 
worked out, under conditions as similar as possible to those obtaining in 
expenments by the use of the foimula T— To/A— Toe— A:<, a mean of ten or 
twelve determinations being taken The final calibration was earned out 
under actual conditions of an experiment, with air bubbling through the 
flask contents, and air tubes and thermocouple junctions in position, and the 
flask Itself sunk down in the water of the thermostat One flask was given 
a slightly higher temperature than the other, which was the exact tem- 
perature of the bath water , as the temperature of the flask under cahbration 
fell slowly to that of the control flask, a senes of readings were taken with 
the thermocouple and galvanometer, these on bemg plotted out, gave a 
curve from which the value of k could be directly taken The value given 
by this last method was the one actually employed for expenments As a 
matter of fact, both methods gave very similar values for k in nearly all 
instances Prof HiU was kind enough to place at my service two flasks of 
400 e c capacity, which were remarkable for having almost the same value 
of k They could be used differentially by placing the same amount of 
fluid in each They have been extensively used in the present expenments 
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The flasks during the course of work were recalibrated fiom time to time, 
and at long intervals were tested by the liberation of a known amount of 
heat in each flask from a small coil of constantan wire This coil liberated 
21 grm calories of heat per hour in the flask under the conditions of the 
test, and the galvanometer scale readings were usually within 3 per cent of 
this value To close the mouths of the flasks during an experiment it was 
found that thick wads of cotton wool were the most effective When the 
flasks were olosed by rubber stoppers and the flask sunk completely in the 
water of the thermostat, it was found that more heat was lost by conduction 
through the stopper than was the case when they were only plugged with 
cotton wool and sunk up to then necks in the water of the bath The 
flasks were mounted in pairs m open wirework baskets which were made so 
that they could be clamped on the thermostat so the flasks were held firmly 
submerged up to witlun a centimetre of the tops of their necks m the water 
of the bath The thermostat tank held 50 or 60 litres of water, and was 
kept stirred and in uniform temperature throughout, by having compressed 
air bubbled through it from a number of jets distributed evenly over the 
bottom of the tank This method of stirring was very effective for, when it 
was m action, it was seldom possible to distinguish more than a hundredth of 
a degree C between any two points in the water of the tank The sides of 
the tank were protected externally by thick layeis of felt and its inner side 
was surrounded by a coil of piping through which cold water could be 
circulated, and the temperature of the tank kept constantly at 14 5° C 
The room in which the experiments were conducted was almost entirely 
underground, and underwent little change of temperature between day and 
night, or from one day to another if the door was kept closed and the 
windows protected The expenments were earned out in the months of 
July, August and September, when weather conditions were most favourable 
for work of this kind It is the special merit of the differential method that 
external temperature conditions can be largely neglected so long as both 
flasks used m making the differential determinations are affected to the 
same extent by all variations of external temperature 
In order to get the eggs to fertilise and segment regularly in the flasks it 
was found necessary to carry out some form of aeration To accomplish this, 
air was slowly bubbled through the contents of both flasks at regular intervals 
dunng an experiment This also served to stir up the eggs and prevent their 
settling in a dense mass in the bottom of the flasks The air used in the 
aeration and stimng process was first passed through a large wash-bottle, half- 
filled with sea-water, sunk m the middle of the thermostat tank The air 
from this bottle was then led into each flask by fine rubber tubes, which 
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passed through the cotton plugs used to close the flasks ThTj'aw thus 
saturated with moisture and at the same time brought to the temperature of 
the water bath as Hill has shown the heat capacity of air being so low 
produces little or no cooling effect on the contents of the flasks At the 
commencement of an expeiiment care was taken to adjust both flasks but 
especially the control flask to exactly the same temperature as the thermostat 
water which as already mentioned was kept constantly at 14 5° C This 
adjustment in the case of the control flask was always made to withm a 
hundredth of a degree C with a Beckmann thermometer This adjustment 
was usually carried out several times in succession before an experiment was 
actually commenced The sperm were suspended in a small bottle m the 
water of the thermostat so that when finally added to the eggs in the flask 
they were at approximately the same temperature 
On the addition of the sperm the cotton plugs with the thermocouple 
junctions and air tubes were immediately replaced in the necks of the flasks 
and galvanometer readings commenced Readings weie always taken at 
fairly frequent intervals at the commencement of an expenraent but once 
the experiment was under way they were usually taken at intervals of 
several houis Tlie readings obtained in millimetres on the galvanometer 
scale were then plotted out on squared paper with respect to time and a 
curve of observed heat production obtained As the flasks are meanwhile 
losing heat a correction for heat loss has to be made The loss of one flask 
however by the conditions of the experiment has been made the same as that 
of the other so that the rate of temperature rise in the flask containing the 
eggs IS immediately given by the formula A. (1 — Ti) whore 1 is the coefficient 
of temperature loss of the flask and (T— Tj) is the difference of temperature 
between the two flasks as sho »n by galvanometer scale readings in milli 
metres at any instant The total temperature rise in the flask is obtained 
by integrating ^(T— Tj) with respect to time and this value is accurately 
given by measuiing the area of the curve given ly the galvanometer scale 
readings plotted against time The total heat produced is equal to the 
capacity of the flasks and fluid multiplied by the final temperature difference 
between tlie flasks plus this value of Ic (times area of curve) where this last 
expression is equivalent to k [value of the middle ordinate of (T— Ti)] 

In the following sections of the paper a few only of the many experiments 
earned out have been desenbed In many instances the eggs or sperm for 
one reason or another were unsatisfactory and the experiment failed to give 
a result In other experiments while the eggs and sperm were perfectly ripe 
and the eggs gave a very high percentage of fertilisation they failed to 
fertilise in the manometers to the same extent as they did in the flasks 
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80 rendenng comparison of the oxygen intake with the heat production 
impossible It is essential in experiments of this kind that in both the 
oxygen and COj and also the heat determmations all the eggs should fertilise 
at the same time and that after f rtilisation they should all develop at the 
same rate as otherwise no compaiisons can be made between different 
portions of the experiment In all out of some 500 experiments few were 
satisfactory in all respects 

To simplify matters the manometer leadings in the following experiments 
have all been reduced to standard barometric (760 mm Hg ) pressure and 
unifoim temperature of 145° C The galvanometei scale readmgs have 
also been adjusted to start from zero although it was seldom possible to 
adjust the temperature of the two flasks so closely that the readings should 
actually commence at zero Ihe galvanometer mirror deflection being always 
either to the n^ht or left the zero was in the middle of the screen The 
thermocouple was arranged so that the hottest junction should always deflect 
the mirror to the right 

Erpcix lent 1 

(a) Heat Detei*minatton — 400 c c of ripe well washed E milm is eg^s m 
sea watei were placed in ilask K and 380 c c sea water in Flask No 7 under 
the conditions of the exi>ernuent both flasks had the same coeSicient of heat 
loss The flasks were sunk down in the bath water with the tl erraocouple 
junctions and air tubes m place The temperature of the flasks was adjusted 
to within a hundredth of a degree of the temperature of the bath and the 
flasks allowed to remain with air buhl ling through them for half an hour 
The flasks were closed with thick wads of cotton wool At the end of this 
tune the temperature of the flasl s was agam adjusted as near as j ossible to 
that of the bath an 1 after a few minutes a few drops of sperm were added to 
the eggs and the cotton plugs with air tubes and thermocouple junctions 
replaced in the flasks and galvanometer readings commenced 

Time 3 pm galvanometer scale reading was 0 

4 5 mm to R containing eggs 

6 7 

6 10 

11 21 

2am* 28 ^ 

At the end of the expenment 98-100 per cent of the eggs m the flask 

* In carrying out an experiment the preliminary preparationi often took up so much 
time that the actual galvanometer readings could only be started late lu the day and bad 
-aometimes to be earned through to the following morning 


2 G 2 
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were in normal morula stages. Kjeldahl determination gave 68'4'mgrm. egg 
nitrogen present. In the first hour after tho addition of the sperm the eggs 
liberated 2 9 grm.-calories, 10-5 grm -calories in the fifth hour, and 22’8 grm.- 
calorjes in 11 hours (see Curve, fig l,a) 



Fio 1, a —Curve of heat production for Experiment I 68’4 mgnn egg nitrogen. 



NhuiUt 

Fio. 1, h — Curve of O, conaumption nod 00, liberation for same Experiment I. 
4 07 III grm. egg nitrogen 



Processes of the Echinodeim Egg dunnq Fertilisation 419 


(b) Oxygen and Carhon Dvmde Determination — 2 cc of the same lot of 
eggs as those placed in the flask in above experiment weie put in the chamber 
of oxygen manometer and a drop of KOH put in the cup 2 c c of plain sea 
water being placed in the control chamber In a second manometer used for 
control the same quantity of eggs were placed in the chamber the KOH 
being left out 

Temperature of manometer bath 145° C barometer 760 mm The mano 
meters were put m position m the bath and after being brought into complete 
equilibrium with the bath water the cocks of the manometers closed and the 
eggs fertilized The first manometer showed that — 

At the end of 15 minutes the eggs had consumed 24 2 c mm oxygen 
30 33 0 

60 44 0 


At the end of the experiment eggs m the chamber showed 100 per cent 
fertilisation membranes and some commencing two cell stages Kjeldahl deter 
nunation on the eggs gave 4 07 mgrra egg nitrogen present 58 4 mgrm of egg 
nitrogen at this rate would take up 631 4 c mm oxygen which is equivalent 
to 0 902 mgrm 

As 2 9 grm -calones of heat were given off" in the first hour followmg 
fertilisation for 58 4 mgrm N in first part of experiment 


^ 0 902 


32K 


The heat production in this expenment was 10 5 grm calories m 5 hours 
m 12 hours 22 8 grm calories 

In the second manometer 4 0 cmm of oxjgen seemed to be the difference 
between the oxygen intake and CO» output in this experiment for 
4 07 mgrm of egg mtrogen If we assume that 44 0—4 0 gives us the amount 
of carbon dioxide produced in this experiment we get the respiratory 
quotient of 40/44 = 0 91 

It will thus be seen the carbon dioxide output of the eggs is almost as 
great as the oxygen consumption In all the experiments the carbon dioxide 
respiration follows the oxygen consumption very closely the respiratory 
quotient varying from 0 9 to 0 96 in different experiments 


Expenment 2 

(a) Heat Determination — 800 cc of well washed ripe E milians eggs in 
sea water placed in Flask No 3 761 co sea water placed in Flewk No 4 
aotmg as a control Under the conditions of the experiments with air 
bubbling through both flasks and thermocouple junctions in position and the 
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flasks sunk in the water of the thermostat I for the first flask 0 0238 
and for the second k = 0 0236 Temperature adjusted all round to within 
a hundredth of a degree to 14 5° C Cooled sperm added and readings 
started 

Time 3 30 p M galvanometer scale reading 0 

6 30 17 mm R flask contaming eggs 

9 30 26 

12 30 A M 47 

2 30 69 


At enl of experiment 95 100 per cent of eggs were in healthy free 
swimming early gastrula stages Kjeldahl determination gave 146 2 mgrm 
of egg nitrogen present in flask contents The heat liberated m first hour 
6 34 grm calories in the fifth hour 28 grin calories and in the eleventh hour 
74 4 grm calories (see Curve fig 2 i) 



Fio S a —Curve of heat production to Expenment II 146 2 mgrm egg nitrogen 

(b) Oxygen and COa Determmatum — 2 c c of same lot of egg material as 
that put in the flask in the first part of the expenment placed in a chamber 
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0 10 ao *> « *0 eo 

NinuUa 

Fio 2, b — Curve of O, consumption and COj liberation for Kxpenment II. 

9 mgrm. egg nitrogen. 

of oxygen manometer, and the same quantity in a chamber of COj apparatus. 
The eggs were fertilised Those in the oxygen manometer showed that at 
the end of 

1 minute after addition of the sperm eggs had consumed 6 95 c mm. oxygen. 


2 minutes „ „ „ 10 0 

3 .. 18 0 

4 „ .. „ 22-0 

6 „ .. ., 23 05 

10 „ „ „ , 34-5 

20 „ „ „ , 47 0 

80 „ „ „ 68-3 

40 „ .. .. ’ . 66 2 

60 „ .. 85-0 
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At end of expenmen t 100 per cent of eggs showed fertilisation membranes 
and commencing two cell stage Kjeldahl determination gave 9 mgrm egg 
nitrogen present 

At this rate 146 2 mgrm egg nitrogen would consume 1380 cmm oxygen 
in the first hour following fertilisation 1380 c mm oxygen being equivalent 
to 1 97 mgrm 

The heat produced by 280 mgrm egg nitrogen in the first hour following 
fertilisation as shown in the early part of this experiment was 6 35 grm 
calones So that 


The heat pioduotion rose in the fifth hour to 28 grin calones and to 
74 4 grm calones in the 11 hours in this experiment The coi responding 
COa determination for this experiment gave a respiratory quotient of 0 Os 


Experiment 3 

800 cc of ripe well washed E miliaru eggs were placed m llask No 3 
763 c 0 plain sea watei being placed in Flask No 4 acting as a control 
under the conditions of the expenment with flasks sunk in the water of the 
thermostat and air bubbled through both flasks k for flask No 3 was 0 0238 
while that for Flask No 4 was 00236 Temperature was adjusted 
all round to withm a hundredth of a degree to 14 5® 0 No sperm were 
added Galvanometer readings were commenced At the end of 1 hour 
Flask No 3 had given off 3 6 grm calories of heat A Kjeldahl determina 
tion on the flask contents gave 431 mgrm egg nitrogen present In the 
same time 8 mgrm egg nitrogen of the same batch of egg material consumed 
1^ 1 cmm oxygen Therefore 431 mgrm of egg nitrogen would consume at 
this rate 812 cmm oxygen in this time as 812 cmm. oxygen equal 
1 17 mgrm Oj we get value of 



for the unfertilised egg The value obtained tor the fertilised egg of 
E vnharia in the two previous experiments was 3 216 and 3 22 respectively 
Thus the value of Q is somewhat different in the two cases 

It 18 doubtful, however if much significance can be attached to this 
difference The gonads of so many females have to be used for making 
determination on the heat production of the unfertilised egg that it is 
impossible that they should all be in the same stage of ripeness Some of the 
gonads are certain to be slightly over ripe and their eggs will probably 
oytolyse on being placed m the vacuum flask and will give off an abnormally 
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large amount of heat others again will be somewhat immature and will 
consequently give off little heat as compared with the propeily mature stage 
On the whole from a number of expeiiments with the unfertilised egg I am 
inclined to think there is little difference between the value of Q m the 
unfertilised as compared with the fertilised egg and that Meyerhof s conclusion 
that it 18 the same for both is correct In three successful expeiiments with 
the unfertihsed egg the figure for Q obtained in the above desonbed experi 
ment represents the mean and it is worth noting that this value is slightlj 
sfnaller than in the case of the fertilised egg 

Diaettssum 

The Unfertilmd Egg — In the foregoing experiments it has been shown that 
the oxygen consumption and the heat liberation of the unfertilised egg of 
E milians is remarkably small In 1 hour 1 000 000 eggs (8 mgrm egg 
nitrogen) only consumed 151c mm <f oxygen and liberated at the same 
time something of the order of 0 067 grin calorie heat If we divide the 
heat liberation in 1 hours time expressed in gramme caloiies by the oxygen 
consumption in milligrams we get a quotient which we may call the calorific 
quotient In the case of the unfertilised egg this quotient was found to be 
3 07 Meyerhof in Sti on jylocentroti s using the Winkler method foi estimating 
the oxygen consumption an 1 the duect method for measuring the heat produc 
tion found this egg consumed 941 cmra of oxygen and liberated 0 018 grm 
calorie under similar conditions The value of Meyerhofs calorific quotient 
(Q) varied about 2 8 

T/ie lertilise I Egg — On the addition of the sperm to the eggs of F iilians 
there is an immediate oxygen consumption by the egg and a conespondiug 
increase in the heat liberated At the end of the hrst hour of development 
86 4 c mm of oxygen were consumed by 1 000 000 eggs (8 mgrm egg N ) and 
0 397 grm calorie of heat was liberated The CO 2 output of eggs was almost 
the same as the oxygen intake the respiratory quotient being 111 the vicmit) 
of 0 92 In Strongylocentrotm Meyeihof found under similai conditions for 
66 38 0 mm of oxygen consumed a heat liberation of 0 247 gim calone for a 
similar quantity of eggs The calorific quotient in this instance again lieing 

2 6 to 2 8 In view of the large number of eggs that have to be used for 
making a heat determination on the unfeitilised egg it is doubtful if much 
significance attaches to the difference found between the calorific quotient of 

3 07 in the unfertilised egg as compared with 3 2m the fertilised condition 
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Summary 

1 In the present paper an attempt has been made to measure the oxygen 
consumption of the egg of Echinus miltarta on fertihsation and eaily develop 
ment and compare it with the amount of heat liberated by the egg at the 
same time 

2 In making both these estimations new methods have been employed 

3 I he oxygen consumption of the egg has been measured by the use of a 
special pattern of the Barcroft differential manometer in which the were 
fertilised within the closed chambers of the apparatus The CO* output of 
the egg was also measured with the same mstn ment and the respiratory 
quotient deterimned 

4 The heat liberation was measured by the use of the differential micro 
calorimetric method 

5 In i hour 1 million uufertilisel eggs (8 mgrni egg N) consumed 
15 1 c mm of oxygen and gave off at the same time 0 067 of a gram calorie of 
heat at standard pressure (760 mm Hg ) aud temperature 14 6° C 

6 In the same time the same quantity of fertihsed eggs consumed 
864 omm oxygen (with a corresponding output of CO* respiratory 
quotient 0 92) and hberated 0 3976 of a gram calorie of heat under similar 
conditions 

7 The fertilised egg in the first hour of development gave off roughly 
6 — 7 times more heat than the unfertilised egg and consumed at the same 
time 6 or 7 times more oxygen than the unfertilised egg 

8 In tl e fertilised egg in one experiment (I) 58 4 mgrm egg nitrogen 
(about 7 3 milhon eggs) liberated 2 9 gram calories at the end of the first 
hour of development in the fifth hour 10 a gram calories and 22 8 gram 
calories of heat in 11 hours In another experiment (II) 146 2 mgrm egg 
nitrogen (18 6 million eggs) liberated 6 35 gram calories in the first hour 
28 gram-calones in the fifth houi and in 11 hours 744 gram calories (This 
last figure is possibly too high due to some cytolysis ) On the whole the 
heat liberation of the egg on fertilisation rises steadily reaching its highest 
pomt when segmentation has been completed and the free swimming stage is 
reached 

9 The heat liberation of the egg during the first hour after the sperm 
have been added to the ^[gs expressed in gram calories divided by the 
amount of oxygen consumed m the same time expressed m milligrammes 
gives a calorific quotient (Q) 

10 In the case of the unfertilised egg the calorific quotient was found to be 
about 3 07 while in the fertilised e^ it was found to be 3 22 
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11 On fertilisation a greatly increased liberation of chemical energy is 
brought about within the ovum This is shown by the increased oxygen 
consumption of the fertilised egg-cell combined with its greatly increased 
carbon dioxide and heat liberation 

12 As, however, the calorific quotient of the unfertihsed and the fertilised 
egg-cell IS approximately the same in both instances, little or almost a 
negligible qimntity of this energy is expended in bringing about the visible 
morphological structure of the developing ovum It is probably employed 
in keeping the living substance itself intact as a physical system 
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Further Observations on Cdl-wall Structure as seen in Cotton 
Hairs 

By W Lawbenck Balls, M A, Sc D (Cantab ), and H A, Havcook 
(Communicated by Dr F F Blackman, F US Ueceived March 3 1922 ) 
(Plat* 10] 

The present note summanses the results of observations made subsequently 
to the recognition of growth rings in the cell-wall,* of which a photograph in 
transverse section is given in Plate 10, fig 2 These observations are all 
related to previous physiolt^cal studies, and most of them have been made 
on material of known origin, i e dated boUsf and pure line plot crops 

An excellent raemoii on our present knowledge of the cotton cell-wall by 
Ml H J Denham 4 now in course of publication makes it unnecessary for 
us to deal with the historical aspects of the matter 

Methods 

(o) The “ swelhng " technique has been further developed by the use of 
calcium thiocyanate (for which, as well as for the use of naphthamine 
blue as a stain, we are indebted to Mr U E WilliamB§) Other reagents 
have also been found servicekble when the conditions are adjusted to produce 
an equilibrium state on the verge of actual solution, eg , ouprammonium and 
caustic soda alone or together, and also sulphuric acid have been largely used 
The latter is exceptionally interesting as showing specific differences between 
various hairs in respect of the critical concentration The artifact nature of 
swollen walls has been continuously borne in mind, and all observations have 
been returned to the unswollen state by measurements of the contractions 
and expansions experienced by the hair 

(6) Our section-cutting technique has been descnbed elsewhere || 

(c) The junior author devised a simple “ pressure " technique, single hairs 

* W L B , “ Existence of Daily Growth Bings lo the Cell wall of Cotton Hairs,’ 

‘ Boy Soc Proc B, vol 90 (1919) 

+ W L B , " Baw cotton (Development and Properties of), chapter 4 (London, 1916) 

* Denham, H J , “ The Structure of the Cotton Hair and its Botanical Aspects 
Memoir of the British Cotton Industry Besearch Association, ’ ' Jour Textile Inst ,' 
vol 13, p 99 (192S) 

§ Williams, H E, ‘‘ The Action of Thiocyanates on Cellulose,' ‘Jour Soc Chemical 
Industry,’ vol 40, p 221 t (1921) 

II Denham, H J, ‘Nature,’ vol 107, p 299(1921), W L B and H A H, ‘Natui-e,’ 
VoU 107, p 381 (1921) 
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being stressed enormously, under a covei-slip, by ptessing with the blade of 
a knife This we have found very useful , it is evidently akin to the breaking 
of aeroplane timber studied by Robinson * 

(d) The inter-relation of external convolutions and internal wall structures 
has been systematically examined by detailed repeated mapping along the 
length of single hairs 

(e) Groups of hairs of equal length from single seeds have been similarly 
mapped to obtain the average distribution of convolutions in studying the 
change from day to day in dated samples A very full re examination of the 
daily pickings samplesf has also been made in connection with this woik 
but only slight use will be made of these results at present, as they need 
diiect experiment on growing plants for confirmation of our intei pretations 

The evidence on which we base our conclusions is very detailed and 
various, and to particularise every item would be extremely tedious We 
have, therefore, adopted the plan of summarising our results rather after the 
manner of geological research , and by way of further assistance in keeping 
this note from undue expansion, we shall restnet ourselves to dealing with 
the more debateable features of hair structuie as bioughtout by Mr Denham’s 
memoir already referred to 

The Gviide 

This we found to be distinct from the primary wall, though extiomely 
tenuous It possesses a spiral structure, probably showing reversals of the 
spirals, and quite probably identical in frequency, or even in details of 
pattern, with the pit spirals (see below) but the difficulty of correlating the 
two sets of observations is very great Haller s raethodj (SnCI* and AuCU) 
was not successful The spiral lines of weakness and their apparent reversals, 
plus the resistance of the cuticle to solvents, determine the familiar beading ’ 
of swollen hairs The miscalled ' stomata ” of De Mo8entbal§ are probably 
primary wall-structures in essence, the cuticle being mouldetl to them , we 
doubt very much whether the cuticle is actually perforated A granular 
superficial structure seen after heating (in the thiocyanate process) and 
staining with osmic acid seems to be due to the melting and redistribution of 
the wax film, which vanes in amount with varieties and species of cotton 
around 0 4 per cent of the hair weight 

* Robinson, W , “The Microscopical Fentuies of Mechanical Strains m Timber and 
the Bearing of these on the Stractore of the Cell wall in Plants, ‘ Phil Traua,’ B, 
vol 810, p 49 (1980) 

+ W L B, “Raw Cotton,’ p 118, loo ext 

X Haller, ‘Chem Zentr,’ p 668 (1980) 

§ De Mosepthal, H, “ Obserxationa on Cotton and Nitrated Cotton, ‘Jour Soc 
Chem Ind vol 88, p 892 (1904) 
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TVie Primary Wall 

Various details of our evidence coufirtn the view that this wall even when 
adult is a different cellulose fiom that of the secondary wall Further we 
have seen reason to believe that qntil growth in length has passed its 
maximum rate the cellulose (as distinct from the cuticle) has a different 
composition from that winch it has assumed when the secondary thickening 
begins We ourselves for convenience called this early stage pre cellulose 
and we have since learned* that the general piobleni is now being investi- 
gated by Priestley Accidentally oui preparations have shown the secondary 
cellulose completely dissolved but the primary wall spirally marked 
untouched 

The pit spirals of the secondarj wall (see below and figs 5-7) are con- 
tmuous through the pnmary wall and possibly oven to the cuticle spirals 
(vide mpra) Thus it would seem that the law of Prodetenuinationt plays 
an important pait in the cotton hair and the bearing of this on our convolu 
tion maps will be described later 

The objects discovered and excellently photographed by De MosenthalJ we 
propose to designate as the slow spiials Their nature is obscure, but they 
are evidently a kind of pitted coriugation in the outer surface of the primary 
wall, to which the cuticle moulds itself The sides of the tiougb in which 
the elliptical craters lie often piojeot beyond the surface of the hair and are 
thus discernible in profile These slow spirals are particularly easy to see in 
fuzz hairs but are probably piesent to some degree along all parts of every 
hair lint (fig 3) or fuzz, for they flash out momentarily durmg swelling with 
critical strength sulphuric acid even though not visible previously The 
spiral shows frequent reversals (fig 3) The relation of this spiral to the 
pit spirals in respect of pitch direction and reversals, has been studied in 
detail and we have satisfied ourselves — with some regret for an untenable 
hypothesis — that they are sometimes independent of one another We have 
no evidence that the slow spiral pattern is pursued into the formation of the 
secondaiy wall unlike the pit spirals, nor even that it represents any textural 
modification (as distinct from modification of surface or thickness) in the 
primaiy wall itself, excepting that when a hair has been ‘ tendered ’ by acid it 
shows a saw tooth form of cracking, the long slope coinciding with pit spirals 

* Discussion in Section K on the ' Quantitative Analysis of Plant Growth, * British 
Association, 1921 

+ W L B, "Predetermination of Fluctuation, a Preliminary Note, ’Proc Cam 
bndge PhiL Soc , May, 1914 

* Loc nt W L B, “Analyses of Agncultural Yield, Part III, * Phil Trans,' B, 
vol 208, p 167 (1917-18) 
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and the short resembling slow spirals (fig 4) Howevei, os we have satisfied 
ourselves that these spirals are not invariably opposed in direction the fact 
may not be relevant though it does suggest a chemical polarity 

These slow spirals are thus somewhat mysterious objects and we must wait 
for diiect growth experiments to elucidite their natuie In passing, we may 
note that the distortions produced by swelling make the quick pit spirals 
simulate them very closely (fig 8) a circumstance which led us to much 
confusion at first 

The Second at y Wall 

One of us has formerly described the growth iings • while many observeis 
have figured and commented on the existence of spiral markings in the wall 
and on its inner surface Specially The occurrence of somewhat elusive 
simple pits has also been described from fresh material by the senior author f 
and the probable existence of an internal spiral structure lias been suggested 
in various forms by non-botanical writers J We are now in a position to 
CO ordinate all these observations and views 

By means of the simple piessure method, it is possible to " develop a 
spiral senes of cracks throughout the length of a hair, with little distortion, 
which can then be mapped in detail (fig 6) and related to a pievious charting 
of the external form of the hair {vide infra) Such a pressed haii dissolves 
much more quickly in swelling icagents presumably from the greatly 
increased free surface, and possibly also (since lower concentrations will 
attack it), because the flauk of the patterned and orientated cellulose 
aggregates is, so to speak, exposed Wheu swollen, only a complex structure 
resembling basket work is produced (fig 5), and it was the spasmodic 
occurrence of this in slides given us by Mr ^illiam8§ which started the 
present research 

By mapping the simple pits in fresh greenhouse material, for which we are 
mdebted to Mr Vernon Belllioiise and then mapping their spiral cracks, we 
have satisfied ourselves that the pits are simply abiionnally wide intervals 
between otherwise contiguous spirals It is therefore possible that any plant 
cell- Wall which shows simple pitting may possess siuial structuies simils’- to 
that of the cotton hair We would also call attention to the structures in 
wood cell-walls desenbed by Eobinson I who describes and figures these 

* W L. B , “ The Exutence of Daily Growth Ring* * * § in the Cell wall of Cotton Hairs, 

‘ Roy Soc Proc B, vol 90 

+ W L. B , “ Raw Cotton,’ fig 12 and p 78 

I Fttie Denham, Memoir, B C I B.A , loo ct( 

§ Williams, vtde npra 

II Robinson, loe eu 
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80 -calIed slip planes as being interrupted by the fragile middle k^adja, which 
seems improbable unless these “shp-planes ” are pre existent The spasmodic 
occurrence of sifrollen spirals in thiocyanate preparations merely showed an 
erratic anastomosing series, but with the cuprammoniura and soda mixture, 
and better still with critical sulphuric acid (circa 1 640 sp gr ), the nature 
of these anastomoses was evident , the wall is then seen to consist of about 
a hundred spiral fibrils — a screw of a hundred threads — all approximately 
identical, except in one lespect This exception consists m the frequent 
presence of two spirals, within the series which stain more deeply than the 
others with naphthamine blue They do not seem to be otherwise different 
from their neighbours in any way, and as they seem always to lie at the ends 
of the majoi axis of the collapsed cell-wall might be merely stress- 

produced artifacts On the other hand one of them may disappear by 
approaching the other, the interval between them changing Thus, the 
appearance shown in swollen hairs is altered from a symmetrical double screw 
(figs 8 9) to an asymmetric one, and thence to a single thread screw, as we 
pass along the hair This is not compatible with artifact ongin and it would 
seem that for some reason unknown two fibrils, lying diametrically opposite 
one another, are somewhat different from the others We have noticed 
similar bifurcation and re union in the spiral thickening of protoxylem 
vessels m other plants 

The question of the relationship between these radial boundary surfaces 
and the tangential growth-nng boundaries next arises Numeious attempts 
to demonstrate the matter clearly in transverse section have largely failed , 
and some considerations relating to free surface, cohesion, and the like, make 
It rather unlikely that these two sets of structures could ever be thus demon- 
strated perfectly and simultaneously in the swollen state We also suspect 
that the shearing stress of the razor edge may produce molecular disturbances 
which alter the reactions of the cellulose Partial demonstrations of the 
existence of these radial boundaries have frequently been obtained, but rarely 
(fig 1) comparable with the growth-ring demonstration of fig 2 We thus 
have to depend on optical longitudinal sections, and by this means have 
satisfied ourselves in exceptionally good preparations that the spirals are 
arranged in layers, each layer constituting a single growth-nng 

The cotton hair cell-wall is thus an elaborate structure, laid out on a 
simple plan In the first instance, a spiral pattern seems to be laid out in 
the pnmary cell-wall and cuticle , this, it should be noted, must happen while 
the hair is growing in length. The deposits of secondary cellulose, as growth- 
nngs, do not obUterate this pattern, but follow it most strictly Thus, a radial 
(spiral) structure persists through the concentnc deposits The simple pits 
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of any cell equally with those of cotton hairs are Alter all merely a special 
case of the same procedure while an analogy may be found in the medullary 
rays of timber 

Our partial elucidation of this structure has already thrown light on some 
physical properties of the hair Abnoimal hairs are often found m which to 
a greater or less extent the spiral structure is visible without any develop 
ment Our colleague Mr Slater in the Phj sical Section of this Department 
has in some preliminary studies found the flexibility of such hairs to be 
highly abnormal such bans standing in the same relation to noiinal hairs as 
strands of yarn compared with solid wires of celluloid We have mentioned 
our opinion that the razor edge may j rodiice molecular disturbances in the 
cellulose Akin to this is a remarkable phenomenon discovere 1 by the j inior 
author reminiscent of the lesults described by Griffith* with juartz rols 
If a hair has been pressure treated to develop the pit spirals without re agent 
and then is subjected to stress in longitudinal extension no alteration is 
noticeable until the hau breaks after breaking however little or no tiace 
of the pit spiials is left in any part of the hair We have failed to obliterate 
the spiral cracks by any tension without actual break ige and it would seem 
that as in Griffith s work f a molecular disturbance is neede 1 which the 
back lash of the break j rovides 

Dimensions aiul Constitution fa PU Sptial Fibnl 
Taking 0 4/i as the thickness of a substantial growth nng and allowing 100 
spirals to the ring in a hair whose original cell diameter was 15/i and its 
mean wall diameter considerably less gives us 0 Afi square as the approximate 
cross sectional aiea of one Pit Spiral hibiil Its length is apparently that of 
the hair Without undue speculation it is evident that we are here approaching 
molecular dimensions the probable size of the cellulose molecules bemg such 
that some number of them between 1 000 and 100 would constitute the cross- 
sectional area of one such pit spiral There is even the slight possibility that 
in these pit spiral fibrils we have reached the limits of morphology and are 
examining a chemical (or oolloido chemical) unit For other reasons however 
we rather inclme to the view that cellulose even m a pit spiral fibnl is a 
complex of more than one kind of cellulose molecule 

Origin of the Pit Spiral Structure 

It seems clear to us that this secondary wall structure is a predeteimmed 
one and that, paradoxically we must therefore look to the penod of growth 
* Onflath, A A , ‘ The Phenomena cjf Rupture and Flow in Polida, ‘ Phil Tran* A, 
vol 221, p 163(1920) 

+ Griffith, loc ctt 

VOI* xcm — B 2 H 
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m length to determine the causation of such abnormalities luxt. as we have 
mentioned Physiological work in this direction, under glass is contemplated 
But this leaves unsolved the more fundamental problem as to why even the 
primar) wall should be thus patterned and heteiogeneous consisting of 
structures which can sometimes be mechanically broken apart which are 
possibly only united bj a molecular film of water, and which show (when 
enormously swollen and stained with naphthamine blue) granular linos 
alternating with clear zones (fig 8) 

Until a late stage we were not certam whether the slow spirals were not 
always opposed m direction of rotation to the pit spirals and a workmg 
hypothesis was adopted which combmed Church’s results* on the fundamental 
geometric structure of the cell with a general idea of protoplasmic circula- 
tion and with some earlier studies of growth in a fungus hypha by one of us-f 
Tins hypothesis though now entirely speculative, may yet be of interest 1 1 
postulated the existence of two growth centres’ mutually exclusive or 
polar in their inter-relations, as a rule, these controlled the longitudmal 
extension of the cell by intussusception and their micro-bio-chemical opera 
tions were rhythmic, as m Liesegang ring-formation It was unlikely that 
such a system would buHd forward along a straight line hence revolution 
was postulated, sometimes right banded, sometimes left-lianded (fig 3), under 
the influence of accident or environment or even of stereo isomensm This 
revolution of the builders produced the spiial form, their rhythmic operation 
the successive fibnl phases , and molecular predetermination akin to crystal- 
lisation, produced fibrillar continuity 

When It became clear that the slow spirals were not the trails of these 
“ growth centres ” — since their direction was not invanably opposed to that 
of the pit spirals— the hypothesis became mere speculation 

It does, however, remain clear that there is a fundamental geometric 
structure in the cell wall, though our hope of confirming and extending 
Church’s mam conclusion has at present failed 

The Protcflaxmv: Dibrw 

We have only to mention tliat this is of assistance indwelling technique as 
a rough guide to the amount of longitudmal contraction 

The Convoluttona 

We now come to a much observed feature of the cotton hair, about which 
nothing definite has been published, whethei in respect of their effect on 
* Church, A H , “ Phyllotaxis m Relation to Mechanical Laws ” (Oxford University 
Press, 1904) 

t W L B Temperature and Growth,” ‘Ann Bot ,’ 1000 
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spinning properties or on the physical properties of the hair, or of their 
•origin The senior autlior has regarded them* as a necessary consequence of 
the simple pits in the wall, with modifications caused by wall-thickness 
variations, and we can now extend this to include the pit spiral structure, 
which should completely explam the convoluted form of the collapsed dead 
hair 

Actually, however, the explanation is not yet complete Mapping pit 
spiral against convolutions in any one piece of hair (fig 10), there is a 
general similarity, but by no means exact identity It is probable, however, 
that if we could construct scale models of the wall structure (growth rings 
and pit spiral fibrils) in the form of semi rigid tubes and then cause them to 
collapse we should find that local \ariation8 of texture, packing inter 
fibiillar fnction, wall-thickness and hardness, etc would produce similar 
disciepancies to those we have observed, and we venture to thmk that the 
existence of convolutions can be explained in this way, if we include the 
reinforced spirals already mentioned whose piesenoe makes tbe ' arch 
structure unsymmetncal 

This however, leaves a major problem to solve, to wit, the reason why the 
pit spirals, and hence the convolutions vary their pitch and direction On 
grounds of convenience we have studied the convolutions rather than their 
•causative spirals and while no definite conclusions have yet been reached, a 
number of suggestive obseivations have been made on the daily pickings 
material f which consists of fruit capsules (bolls) opening on ninety succes- 
sive days — 

On counting the number of convolutions in a unit length at the middle 
of the hair (fig 11 heavy line), wo found the average number changing from 
day to day, as m the case of other hair properties, indicating that environ- 
mental changes affected the convolutions Similar results were given by 
counting at other /ocr (fig 11), and by takmg the percentage distiibution as 
between these vanous locx (fig 12) 

(i) Extending these measurements by mapping the convolutions along the 
whole length of the average haii (fig 13), there were mdications that the 
lociiaot any feature («^, a low number of convolutions) shifted its position 
along the hair on successive days The earlier the day of boll opening the 
fuither removed was the particular feature from the base of the hair, thus 
indicating that the environmental determinant of convolution form must have 
operated while the hair was still growing in length Our evidence is based on 
too sbght data to be oonclusice iii itself, but it will be noticed that it oonfirnis 

* W L, B , “ Bsw Cotton/ pp 78 and 147, foe oit 
t V%cU$upra 
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Fio. 10— <» to /. — Each pair of drawings represents one piece of hair and shows-— 
above— the position of the convolntions with slanting lues drawn to indicate the 
direction at each tuin , below— duection of slope of pit spirals, as determined at 
various points after pressing. Length corrected to original value. Exceptionally 
discrepant pieces have been selected for reproduction 


our conclusions already drawn from microscopic work, and thus increases 
their probability. 
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Fiofl 11 and 12. — Fiom oapsulea opening on 8U0ce««ive da^a m the daily pickings aenea 
(q.T.) fire leecU were taken eadi day at random, and twenty haira of eimilar length 
from each of these five were arranged with their bases in line The number of 
convolutions included in a microscope field of l"6 ram was then determined at three 
loci along the hair, respectively, 6, 15 and 85 mm from the base The curves as 
shown are the three-point means of the original data, each point thus representing 
the average of 300 haira The data are further analysed in fig. 12 in order to 
discriminate between general fluctuation common to the whole length of the hair, 
as indicated in fig 11, and the existence of differential fluctuation in various parts, 
due to determinations taking place 'at different times during development The 
logarithmic plotting shows that the latter fluctuation is quite marked, though its 
amplitude is reduced by a half. 
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Fio 13 — Average duti ibution of convolutions from day to day along the whole length 
of the hair Data obtained by taking twenty bain from the lame equare milll> 
metre of one seed ohoeen at random each day These hairs, being roughly of the same 
length, were arranged with their bases In line and the number of convolutions m a 
1 6 mm field measured at intervals of successive half millimetres In five coses, 
where only twelve hairs were measured, the scale of the distribution curve has been 
corrected accordingly The letters a, x and h are placed on some of the curves to 
indicate the general tendency which appears to be shown, though indistinctly, by 
the various modes, in shifting backwards towards the base as the date of opening of 
the capsule becomes later Base of hair at left hand of each curve 
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The actual data were obtained by eeleoting usually twenty hairs of equal 
lengUi on each day over a sequence of thirty days, and counting the convolu- 
tions m sucoessive intervals of 1 5 mm from base to tip , they thus comprise 
some 20,000 measurements, but statistical consideratwns make it evident that 
they need tQ be greatly extended in order to be conclusive and in practice it 
should be found easier finally to attempt the proof by means of direct 
physiological experiment and by observations of the pit spirals. 

A fairly close correspondence was mdicated as between the general form of 
the hair length growth curve (formerly ascertained)* and the shift of any 
convolution form locus from day to day 
(c) A renewal of a former attempt was also made in order to see whether 
any forms or markings could be found along the length of the hair which 
would correspond for linear extension to the daily marks of the growth-rings 
in secondary thickening The system of convolution mapping was extended 
to measure the length and direction of every separate convolution These 
measurements were then plotted as shown (fig 14) using rectangles of equal 
area for each one the bases of which were equal to the convolution length, 
and ID this form of plotting it is very evident that the convolution sequence 
along any one hair is at least ware>like Phases of steep pitched and short 
convolutions alternate with phases of slow and long convolutions The 
discr^ncies between convolutions and pit spirals seem to happen ohiefiy in 
the latter phase, which also seems, as might be expected, to contain more 
convolution reversals (hg 14, h). The number of peaks (short convolution 
phases), in the curve, seems to tend towards correspondence with the number 
of days (about 25) during which the hairs used in these observations (daily 
pickings samples) were growing m length 
Here, again, no ngid conclusion can be drawn, but the facts are certainly 
very suggestive of a daily environmental effect, acting by predetermination on 
the convolutions through the pit spiral patterning of the pi unary wall 

(<i) We have not forgotten the probability that mutual pressure inside the 
growing capsule, together with the curlmg grouping which the hairs thereby 
take up, may mfiuenoe both pit spiral and convolution, but we anticipate that 
this will be found subsidiary to the other causes indicated 

(«) A source of error in other observations made on material which had 
been acted upon by softening and swelbng re-agents should be noted When 
the wall cellulose is softened with the haur held m slight tension, the 
convolution spiral may become mechanically nnstable and mstantaneonsly 
jump to a new conformation, the Jliair becoming a cyhndnoal helix, hke an 


W L B , “ Raw Cotton,” p. 76 
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Ayrton spnng Thu change is apt to comphcate observations on wall 
structure 

The Fuzz Haxra 

In a previous communication * one of us has pointed out that fuzz and lint 
appear to be identical in all respects except that growth in length is inhibited 
in fuzz while growth in wall thickness is restricted in the lint None of the 
present observations liave revealed any further differences In many cases 
we have found it convenient to try out new methods or hypotheses on the 
fuzz hairs before attempting to apply them to the more delicate lint 

CmdutMM 

1 A spiral fibrillar radial structure exists in every growth ring of the cell 
wall of the cotton hair 

2 The simple pits of the cell wall are a special case of this general 
structure 

3 The pattern of the spiral appears to bo predetermined dunng giowth m 
length 

4 This pattern u preserved through all the growth rings of the secondary 
wall thickening 

5 The number of fibrils in cross section of one hair u of the order of 
1 000 upwards 

6 The pattern (direction reversal and pitch) of these spirals seems to be 
the major determinant of the externally visible convolutions of the hair 

7 There are indications that the unknown cellulose aggregates which 
compose any one spiral fibril have a definite geometric conformation 
suggestive of stereo isomerism 

8 Attempts to elucidate the cellulose structure further as by X raj s will 
probably have to take account of this spiral fibnl arrangement 


While assistance in vanous ways has been given by our colleagues in the 
Experimental Department of the Fme Cotton Spinners and Doublers Assoeia 
tion to whose Executive Directors we are indebted for permission to publish 
this account we would wish especially to acknowledge the interest and 
assistance of Dr Mary Cunnmghara The influence of Dr H E Wilhams in 
re-energiBing this inquiry has already been acknowledged while the mdq 
pendent development of work along similar lines by Dr S C Harland and 
Mr Denham at the Shirley Institute has been of indirect assistance 

* W L. B , “ Ths Existence of DaiJj Growth Riogs in tb« Csll wall of Cotton Halm 
toe e(t 
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DESCRIPTION OF PLATE. 

Figs. 1 to 7 iBcIunve, are all photographed with Spencer 4 mm. objective and 10 x 
eyepiece. 

Fig. 1. — Transverae section of Sakel hair, poeaibly accidentally p r em o d, and slightly 
swollen with aub-cntical strength sulphuric add ; showing radial (spiral) cracka 
Fig. 8.— Transverse section of same cotton as fig. 1. Section lightly pressed, then 
swollen with critical strength sulphuric add , showing growth rings. 

Fig. 3 — Ordinary Sakel hair mounted in liquid paraffin, untreated. (Denham and 
Harland’s method.) 

Fig. 4.— Hair of Sakel cotton boiled in dilute HCl, and pressed. 

Fig. 6.— Hair of Sakel cotton pressed heavily in 8 per cent, caustic soda. 

Fig. 6. — Hair pressed in naphtharuine blue. Spiral structure entirely due to pressure 
only. 

Fio. 7 — Hair of Sakel cotton pressed lightly in an adjusted mixture of cuprammonium 
and soda. 

Fioa. 8 and 8 are photographed with Spencer 16 mm. objective only, and 10 x eyepiece 
Fig. 8.— Hair swollen with calcium thiocyanate, showing double thread spiral 
Fig. 9.— Hair of Sakel cotton stained with iodine, but not otherwise treated ; showing 
donble pit spirala 


Observations on the Distribution of Fat-Soluble Vitamines in 
Marine Animals and Plants. 

By JoHAH Hjobt, D.Sc., For.Mem.R.S. 

(Beceived April 27, 1922.) 

( From the Biochemical Laboratory, Cambridge.) 

The Norwegian fishery investigators have for many years been engaged ii> 
the study of the growth of fish, mainly the herring and the cod. By means 
of microscopical study of the scales of the fish it has been possible to determine 
the age of each individual fish, and by means of the assumption, which has- 
been verified within certain limits, that there is a proportion between the 
length of the scale {I,) and the length of the fish (//) {i.e., l,jlf = constant),, 
it has been possible to calculate the “growth curve” of the fish in different 
years of its life, and in different seasons of the year. The results of this worlt,. 
which have been summarised up to the year 1914,* proved that the growth 
of the said fish in the Norwegian waters was confined to a few spring— and 
summer — months only, and that the growth of the fish entirely ceases during 

* Joban Hjort, “ Flnotuationa in the Great Fieherlee of Northern SvMpe," ' Bapporta 
et Proote-verbanx du Coneeil International,’ voL 90, Copenhagen (1014). 
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the winter season. Corresponding to the summer and winter zones, which 
are to be seen on the scales of the fish, we find a periodicity in the increase of 
length and weight of the fish, and a change in the quality of the fish at the 
different seasons of the year. 

The changes in the " quality ’’ of the fish were very early observed to be 
associated with the changes occurring in the content of fat Chemical 
analyses were made by Mr. H. Bull of the fat contents of herrings and sprats 
at different months of the year,* and from these observations the conclusion 
was drawn that “the supply of fat increases during the summer and is 
consumed during the winter, while water is excreted in the summer and 
assimilated in winter. During the winter, part of the dry matter in the 
system is consumed and replaced by water, so that no great loss in weight is 
apparent. The quality of the fish, however, is considerably affected.” 

In the herring this is very apparent, the fat being deposited in a special 
peritoneal fat organ (by Nornegian fishermen called the " ister ”), which is 
especially developed in summer and in the young year classes which have not 
yet developed their generative organa As stated in the paper, the contents 
of the fat organ “ varies with the age of the fish, the development of the 
genital organs, in particular, being a factor of great significance. In addition 
to this, the quality of ister varies greatly according to the time of year , this 
applied not only to the ister itself, but also to the contents of fat on the whole 
as shown by chemical analysia" 

In the cod the changes in quality are most easily demonstrated by the 
inspection of the size of the liver, the contents of which, so far as some 50 per 
cent is concerned, consist of the “cod-liver oiL" Besides by chemical 
analyses, the liver has been studied by means of weighings. The livers of 
cod of different sizes (in groups of different lengths) have been weighed at 
different times of the year, and it has been found that the liver of the full- 
grown cod during the summer season, when the fish was feeding, weighed no 
less than three times as much as in the winter during the spawning season. 
" The greatest ‘ depreciation ’ in the quality of the cod takes place during 
their stay on the Lofoten Banks, where the genital organs arrive at full 
maturity and spawning takes place.”t 

These observations naturally led to a consideration of the problem of the 
conditions which determine the great changes in the growth of the fish 
themselves, and particularly in the organs in which the reserve material (fats) 
are stored. A comparison between the amount of fat in the sprat of the 
west coast and the mean surfaci -temperature of the sea for the different 

* 8m ioft «»., Chapter V. 
t Lot. eit., p. 18ft. 
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months of the year* showed a remarkable correspondence for the spring and 
early summer months, le, the amount of fat increases in close correspondence 
with the rise in temperature in the spring, but this relationship does not 
continue during the late summer and autumn, thus indicating that the 
temperature cannot be considered as the only influence concerned 

The rise of temiierature in the sea during the months of spring is of course 
tn northern waters accompanied with a great number of other phenomena 
VIZ , the increase of the intensity of light, the increased addition to the sea* 
water of masses of fresh water from the continents carrying with them 
inorganic and organic substances from the land and the seashore As a result 
of these events an “eruptive ’ development of plant life takes place, and 
shortly afterwards plankton animals (te, copepods) develop and bottom 
animals begin to increase their growth 

While the development of the plants and of the small animals which 
directly prey on them may seem easy to understand as a result of the seasonal 
changes of the spring the increase of the growth of larger animals like the 
cod, the prey of which exist all the year round, seems much more difiBcult to 
explain The problem, therefore, seemed worth examination, whether the 
decrease of growth in the autumn and the increase of growth in the spring 
were connected with the availability of certain specific kinds of food, in other 
words if there could be found in nature a variation of chemical qualities in 
the food of the animals 

The fact that the changes in the quality of the animals during the different 
seasons have been found to be in such a close connection with changes m 
their contents of fats raised the desirability of investigatmg the distribution 
of the fat-soluble vitamines in organisms of the sea, since these vitamines 
have been found to have such a great influence on the growth of animals 

During my work at the Biochemical Laboratory of the University of 
Cambridge, Prof F G Hopkins had the great kindness to offer me the 
opportumty of conducting expeninents on such vitamine problems, and 
allowed me for this purpose to have the benefit of the oiganisation for 
experiments on rats which he has established at his laboratory For the 
purpose of such experiments during the summer 1921 1 made a collection of 
different material of plankton and bottom animals from Norw^an waters 
This material was preserved in alcohol, and it was extracted in the laboratory 
(under anaerobic conditions) with alcohol and ether, in order to extract the 
oils for the experiments This plan, however, had no success The fats 
obtained in this way were m the form of waxes, and it was soon realised that 


Loo. ml , p 173 
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for some reason they were unsatisfactory for nutritional expeiiments and gave 
ambiguous results Other methods had therefore to be applied 

In the spring of 19^2 material was therefore eollected partly in a fresh or 
sterilized condition partly in alcohol In co operation \Mtli iny assistant 
Dr Axel Palmgren a different method was developed foi the extraction of 
the oils 

The flesh material was first mince 1 then dried m thin layers on filter 
paper in the constant temperatuie room of the libiratory (at ^7°) The 
diied substance provetl iii all expeiiimnts as effective is lie h substance 
and it could therefore be applied foi the puipose of extracti n by acetone or 
benzene The filtiates (from three to four exti actions) were evaporated in 
vacuo the last part of the solvent evapoiated off in a water bath at 90°-100“ 
in a high vacuum for 15 minutes till the ieniaium„ oil no longer smelt of 
Iienzent Ihe oil was then dissolvetl in olive oil ani the mixture given to 
rats by a counted number if drops 100 drops making d cc of oil At 
a specific giavity of 0 9 one drop would then have a weight of 2 7/100 or 
27 ingrm If one part of tl e oil had been dissolved in seven parts of olive 
oil eight or sixteen drops weie given to each lat daily in ( rlei to give the 
rat one or two drops of the oil under experiment In the following one 
drop means one drop of the oil under experiment The oil was not mixed 
with the food but administered by means of a pipette kept just over the 
mouth of the rat which was laid on its back m the left hand This method 
of feeding was recommended to me by Piof E Poulsson of the Univeisity of 
Christiania 

The experiments are all of a preliminary character and ha 1 mainly the 
purpose of exploiing the distribution of fat soluble vitamines for future 
more detailed and more quantitative studies In spite of then preliminary 
charactei it has been thought useful to publish the following observations 
as they may stimulate other woikers to investigate this field 

Manne Plants 

As a preliminary investigation it seemed to me of intenst to try some 
green algse as representatives of the vegetation along the shoie and some 
samples of the first growth of diatoms in the coast waters duimg spring 
(xreen algos ( Uha lactuca and Codtiim tomentosuTn) were kindly collected for 
me at the Maiine Biological Station at Port Enn by H H Ihomas and 
S H Wadhani of the Botany School of Cambridge The algte were brought 
to us in fresh condition and given partly in fresh uid partly m dned 
condition to rats which for some tune had been on a diet free from 
fat soluble vitamines but containmg vitamine B and other essentials The 
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thiee cuivea (fi^s 1 and 2*) all show a marked mciease in the weight oft the 
rats when g ven the seaweed lig 1 the lower curve represents the growth 
■on fresh seaweed kept in cold stoie The increase is not so marked as the 
two other curves showing the effect of diied seaweed This produced an 
enormous increase in the weight The dried seaweed was added to the food 
as a fine green powder and was thoroughly mixed with the food 



Upper curve dried ulva 1 gim 
pel day 


In order to see if the growth promoting factors of the ulva were soluble in 
Its fats dned powder of ulva was extracted with acetone and the oil given 
(1 or 2 drops a day) to the rats The resultmg growth curves may be seen 



Fio 3 — Extract (by acetone) of ulva 1 lo 4 — Point 1, added 1 gr stenlued 

two drops a day diatoms per day Point 2, 1 6 gmi 

di led diatoms per day Point 3, S drops 
benzene extract of diatoms per day 

* In all the figures the abscissa gives the number of days of expenment, the ordinate 
the weight in grams 
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from fig 3 They demonstrate a marked increase in growth of the rats from 
the moment when the oil was given 

Samples of Jhatoms were collected for me by my fnend Prof H H Gran, 
and Mr E Lea on board a Norwegian research vessel The samples con- 
sisted of a pure “ Diatom-plankton,” as this may be found in the sea in the 
spring before the animals have started their development The rata fed on 
these diatoms showed first a sharp increase of growth, and then after a short 
tune a marked declme The idea suggested itself that the diatoms, which 
contain so much silica, may be very unsuitable as food foi a mammal 
and diarrhoea was also observed in one case (see fig 4) In some cases, 
two drops a day of green oil, extracted by benzene from the dried mass of 
diatoms, gave at once a marked increase, even in the case of animals which 
had fiist been fed on the dried material (fig 5) Although these experiments 
which were hampered by rather scanty mateiial, do not give such a marked 
and striking growth as the curves of the seaweed, I have no doubt that an 
increased growth has been demonstrated as a result of addition to the basal 
diet of the rats of oils extracted from diatoms 



Pio 6 — Pomt 1, oa 0 8 grm drwl diatoms 
per day Point 2, 2 drops extract per 
day 



Fio 6 — Fresh shrimps ad Itb 


Shrimps atid Praiom 

Fresh shnmps (firangon) and fresh prawns {Pandalus boiecdis) were minced 
and given fresh as an addition to the basal diet of several rats Figs 6 and 7 
show a marked increase in the weight of the lats shortl} after the addition of 
these substances to their diet 

Dried powder was extracted by benzene, the extracted oil (two drops a day) 
had in several cases no effect, a fact which I am not able to explain and which 
must be left foi future investigation 
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Hetnng and Cod 


I have mentioned m the introductory remarks above that the fat organ of 
the herring and the liver of the cod both decrease in weight at the same time 
as the ovaries of the female animal increase in weight An examination of 
the contents of fats and of fat soluble vitaraines of the ovaries (the roe) 
would therefore seem desirable Fig 8 shows the effect of addition of oil 
extracted from the ovaries of herrings 

Fresh cod roe (figs 9 and 10) in a dose of 2-3 gim per day produced an 
immediate and lapid increase in the weight of rats Dried roe prepared in 
Norway for commercial purposes (1 grm added per day), had (figs 11 and 12) 




Fio 12 —Dried cod roe, 1 grm per day When first given 
one eye very bad, after some days almost clear 

just as matked an influence , and this fact must, like the effect of the dried 
ulva, be considered as veiy important, since it proves that the process of 
drying fish products had no observable destroying effect on the growth- 
TOL. xoin — B 2 I 
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promoting factors Drying of fish and fish products pla}8 a great idle m the 
fishing industry of different countries and it is therefore of practical value 
to know that the piocess does not deprive the products of these valuable 
quahties 

Extraction of the powdered dry roe by means of benzene produced a clear 
but thick oil different from the wax which was obtained by extraction with 
alcohol and ether Ihe effect of one drop daily of this oil is illustrated by 
the curves ou fig 13 In one rat which had developed the eye disease 
(keratomalacia) characteristic of cases upon a diet deficient m the fat soluble 
vitamine this disease was cured after the addition of the oil of the roe but 
this rat did not later on show any increase in its growth 
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The fact that oils extracted from marine plants have bet u proved to have a 
very strong effect on the growth of rats fed on a diet deficient in fat soluble 
vitamines seems to indicate the workmg hypothesis that fat soluble vitamines 
in the sea arise in plants in a similar way to that pioved to be the case in 
plants on land It seems further natural to assume that all marine animals 
directly or indirectly obtain these substanoes from the plants and that the 
marine animals like other animals studied are unable to synthesise these 
substances An important programme for future work seems then to suggest 
itself viz to determine the quantitative distribution of fat soluble vitamines 
in different types and in them during different seasons of the year It may 
be possible by such studies to approach the important problems of the 
influence of the food of animals on that periodicity in their growth which is 
so remarkable m Northern waters The present investigation^ seem to 
indicate tihe problem to ascertain how far the production of fats and fat 
soluble vftammes in the plants during spnng and early summer months will 
have to be regarded as the store on the magnitude of which the growth of 
animals is dependent in Northern latitudes In Southern latitudes the 


On Blood-Platelets. 


449 


growth of fiah has been found much more uniform throughout the year, the 
changes in the production of plants are there not so marked as in the high 
Northern latitudes 

Dr Palmgren and I intend, if circumstances permit, to continue the 
investigations towards the solution of these problems at the Biological 
Laboratory of the University of Christiania 


On Blood- Platelets thetr Behamour %n “ Vitamin A ” Deficiency 
and after “ Radiation," and their Relation to Bacterial 
Infections 

By W Cramkr A H Drew, and J C Mottram 

(Communicated by Prof W Bulloch, F ft S Received March 28, 1922 ) 

(From the Laboi atones of the Imperial Cancer Research Fund and from the 
Radium Institute ) 

Introductoiy General Effects of Fat-solviU Vitamin Ikfinency 
When the fat soluble vitamin A is withheld from the diet of a rat the 
general condition of the animal differs from that resulting from a deficiency 
of the water-soluble B vitamin In the latter case the animal ceases to 
increase m weight almost at once, and then begins to decline There is a 
progressive fall in the temperature The ammals always die withm a 
comparatively short time — two months — and are then found to be in a state 
of profound emaciation, as it they had received no food at all There is no 
obvious sign of disease or of an infection For the sake of convenience, we 
will designate bnefly this condition by the term “ marasmus ” 

The withholding of the fat soluble vitamin A alone affects different 
individual rats in a manner as vaned and indefinite as the oonditiona 
obtained by a deficiency in the water-soluble B are constant find definite 
When a young rat is kept on a diet from which the fat-soluble vitamin A u 
absent, the increase in weight may cease almost at once, or it may continue 
to increase in weight for many weeks, and almost as rapidly as on a diet 
containing vitamin A, although eventually its growth will come to a 
standstill tiefore the full normal size of an adult rat has been reached 
We shall, for the sake of convenience, describe these two extremes as the 
“ acute ” and the " chronic ” effect on growth respectively Eventually the 
TOL. XOin.— B 2 K 
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rats develop infective conditions, which attack most frequently the eyes, ahd 
xerophthalmia develops There may be other organs affected (septic glands or 
pneumonia sometimes develop) 

These infective conditions develop most rapidly in those rats which show 
the acute effect on growth when it may first appeal after 6-8 weeks 
In the rats showing only the chronic effect on growth an infection may 
not develop at all or very much later We have kept rats on a fat soluble 
vitamin free diet for four months without any infection appearing although 
these rats were kept m the same cage with rats whicli had developed a very 
intense xerophthalmia The external appearance of these rats was in fact 
such as to make them indistinguishable from normal rats It will be shown 
however that such rats develop the lesion which we consider to be specific 
for the vitamin A deficiem} althoUp,h not to the same extent as rats 
exhibiting the acute effect on ^.lowth The condition of nutrition of rats on 
a vitamin A free diet vaiies as is to be expected The rats which show the 
acute condition are ill nourished but the extreme condition of emaciation 
seen in the rats suffering from the B deficiency is hardly ever met with 
Another important difference is that the progressive fall of temperatuie 
which 18 80 characteristic of the B deficiency does not appear in the 
A deficiency 

We have been able to contiol experimentally the conditions under which 
the acute and chronic effects of fat soluble vitamin deficiency a^^ear 
Hitherto the reason for these differences has not been understood One 
important factor is the nature of the diet which the rats have received m 
mfancy If the mother during pregnancy and lactation has received a diet 
nch in vitamins and if this diet be given to the young rats after they have 
been weaned then the rats are found to be more resistant to a subsequent 
withdrawal of the fat soluble vitamin If on the other hand the diet has 
not been particularly rich in vitamins, although it may contain an amount 
adequate to maintain the animals m health and to enable them to grow and 
to breed freely, then withdrawal of the fat soluble vitamin will produce an 
immediate and " acute ” effect It may be added that the diet we refer to 
IB not an artificial one, but a natural diet of bread and water, noe and 
maize, which has for years been used in our laboratory as the stand^ird diet 
for our stock of rats. Incidentally, this clearly emphasises the great 
imp<fi:tance of assuring an ample supply of vitamins to the pregnant and 
lactating woman and to children and of not bemg satisfied with the 
oonj^ortable belief that our ordinary food contains sufficient vitamins, 
beoanse we do not suffer from deflmenoy diseases 

Another factor which determines the onset of xerophthalmia is the amounfi 



On Blood Platelets 


451 


of the water soluble vitamm supplied When a small amount of this 
vitamin is given xerophthalmia develops muoh earlier than when a large 
amount is given Ihis statement refers to experiments in which the water 
soluble vitamin was supplied in the form of marmite 

Between the two extremes which we have desciibed all intermediate 
conditions may be observed Ihese large variations in reaction to a with 
drawal of the fat soluble vitamin make it of course very difficult to 
appraise the sigiiihcance of any changes in tissues and organs which may be 
observed Many changes which can be seen and have been describe 1 must 
be regal ded as accidental her instance the failure in nutrition which 
may occur is. obviously not an essential feature and is not necessary foi the 
onset of infective conditions In connection with our previous work on the 
relation between lymphoid tissue and nutrition it is of interest to note thit 
there may be a considerable lymphopenia when the animals have shown tl e 
acute effect and are in a poor state of nutrition but when the eyt 
condition develops in a well nourished animal the lymphoid tissue is normal 
and the lymphocyte count shows only a slight diminution The onl) general 
feature common to all rats which have been subjected to a fat soluble 
vitamm deficiency is a greatly diminished resistance to infection 
We have dealt in considerable detail with the great variety in the geueial 
conditions of animals on a vitamm A free diet because a lesion if it is to be 
considered specific to this deficiency must be piesent m all these animals 
lurther the seventy of such a lesion should be found to vary with the 
extent to which the animal is affected by this vitamin deficiency Anl 
lastly the lesion should disappear when the deficient vitamin is supplied 
and the animal recovers as the result 

iVe have found such a tenon x« the great reduction in the numbe of blood 
platelets We were led to look for a change m the platelets because we 
noticed an obvious change m the condition of the blood of rats kept on a diet 
deficient in the fat soluble vitamm When the tail was cut for the purpose 
of examining the red and white corpuscles the blood flowed much more 
freely than m a normal animal and it was muoh more difficult to airest the 
bleedmg When a film was made it was more difficult to obtain an even 
spreading There were no constant differences m the number of white 
corpuscles or of the red corpuscles to account for this change although as 
will be seen later there may be in advanced stages of the deficiency a 
distinct ansemia. But the dimmished coagulability of the blood as it 
manifests itself by the difficulty of airesting the bleedmg sets m long 
before the anaemia occurs The esswitial importance of the platelets m 
blood ooi^ulatioD which the previous observations of Oramer and Pringle (1) 

2 K 2 
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and of Bordet (2) had demonstrated led us to examine the blood for 
platelets 

Method of Cow>\iing Platelets in Rais — The animal is deeply ethensed and 
the tail placed in a watch glass filled with a solution of 2 per cent sodium 
citrate in 0 6 per cent NaCl solution After cutting the tail and allowing 
the blood to flow until free bleeding is established the tail is transferred 
quickly to another watch glass containing about 1 co of the citrate solution 
or of Toissons fluid Blood is allowed to flow so that a mixture of the 
solution and blood convenient for counting the red blood corpuscles and the 
platelets is obtained After the first few counts it is easy to recognise 
when the mixture is of convenient concentration The tail is then wiped 
dry and the pipette of the h'emocytometer is then filled with blood in the 
usual way so as to obtain a count of tlu absolute number of red corpuscles 
In order to count the numbei of platelets the oitrate blood mixture is 
thoroughly stiired a standard drop placed on a large slide and covered with 
a cover glass which is then cemented with nieltel parafhn After allowing 
the cells to settle the proportion of red cells to platelets in each field is 
counted until about thirty platelets have been counted hrom this the 
absolute number of platelets can be calculated A helpful device foi 
counting the platelets which has i roved veiy useful is ns follows A coarse 
grating of about 1 mm squares is luled on a piece of giound glass with a 
lead pencil This is mounte I in balsam under a covet glass and placed 
close up to the source of light at right angles to the beam The image of 
the gratin^ is then focussed by means of the substage condenser after the 
preparation has been ficusselwith the objective and conveniently divides 
the field f ir counting 

Med Cells and Platelets of normal Bits — Ihe following Table gives these 
data for nine normal rats The counts for the first five rats were made in 
one laboratory those of the last four in the other The figures obtained show 


fable I — Normal Kats 


Weight ID 
grm 

Bed ceU* 

Platelet* 

160 

XO 400 000 

860 000 

160 

11S400Q0 

780 000 

180 

10600000 

846 000 

too 

104SOOOO 

720000 

ISO 

0860000 

660 000 

60 

8194000 

786 000 

60 

10 828000 

1060000 , 

60 1 

10 128000 

912000 

60 

9^000 

1 OOOOOO 
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that the average red cell count for the normal rat lies approximately between 
9 000000 and 10 000 000 cells per cubic millimetie the average platelet 
count lies approximately between 700 000 and 900 000 per cubic millimetre 
Ihe vanations which have been found include not only mdividual dilftrences 
of dififerent rats but also differences due to age feeding and those due to the 
jiersonal factoi involved in the technique The various counts made on rats 
showing complete recovery from the vitamin A deficiency (see fig 4 and 
Table) and from the effects of ra hum (see fig 6) give similar figures 

HJici of Vitamin A Defietencj on Plateleti — 11 e rats were kept on a basal 
ration of casein starch autoclaved olive oil and the usual salt mixture to 
which vitamin B was added in the form of maimite The olive oil prepare 1 
as above was known to be free from vitamin A The casein was freed from 
the fat soluble vitamin m some experiments by repeated extraction witli 
alcohol and ether in others by heating in shallow trays for 24 hours to 130° 
111 air On such a diet free from the fat soluble vitamin the platelets show a 
progressive diminution in their number and this thronibopenia — as it may 
be called — proceeds pan pasm with the decline in the general condit on of 
the animal Thus in the one extreme condition when the weight of the 
animal becomes stationary directly the vitamin A is withheld and when eye 
symptoms develop within two months the fall in the number of platelets is 
rapid and pronounced Taking the opposite extreme when the animal 
continues to j,row at an almost normal rate for several weeks and infective 
conditions do not make their appearance until much later or not at all then 
the fall m the number of platelets is delayed and less pronounced though 
still distinct In fact a slight fall in the number of platelets may sometimes 
be the only sign of the vitamin A deficiency the rat looking quite normal 
and healthy and having perhaps only a slightly subnormal weight Our 
observations show that infective conditions (xerophthalmia etc) do not 
develop until the platelets have fallen below about 300 000 per cubic milli 
metre 

It IS important to note that the onset of these infective conditions depends 
on the level to which the platelets have fallen and not on the length of time 
to which the rats have suffered from a vitamin A deficiency nor on exposure 
to infection as will be shown presently When the deficient vitamin A is 
again supplied after a low platelet count has been established the number of 
platelets increases. Here again there is a close parallelism between the rate 
of increase in the number of platelets and the degree of improvement in the 
animal 

These statements are based on and illustrated by the experimental data 
given in the following figures and Tables which explain themselves and need 
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little further general comment In the weight curve of each rat the arrow 
indicates a count, and the number attached to the arrow gives the number of 
platelets m thousands Thus “ 217 ” means 217,000 platelets per cubic milli- 
metre The onset of eye symptoms is indicated by ‘x’’ More advanced 
stages are indicated by "aa: ’ and "atcx ’ In the figures which illustrate 
the recovery from the vitamin A deficiency, the broken line represents the 
weight curve during the last weeks of the absence of the vitamin, the full line 
gives the weight curve after the addition of this vitamin in the form of cod- 
liver oil Most of these recovery curves refer to animals dealt with in the 
preceding figures, as will be evident from the rat numbers attached to each 
curve In these recovery curves the sign @ stands for the complete disap- 
pearance of the xerophthalmia. 

The figures illustrate all the different vaneties of conditions which can be 
observed in rats when kept on a diet deficient in vitamin A Special attention 
IS drawn to fig 1, which refers to an experiment specially devised to illustrate 
the two extreme conditions and the parallelism between the effect of the 
vitamin deficiency on the general condition of the animals and on the 
platelets 

In this expenment two groups of three rats derived from two litters, X 
and Y, were taken The litters were bom within three days of each other 
The mother of the litter X had been kept during pregnancy and lactation on 
the ordinary laboratory diet of bread and water, nee and maize This diet 
was continued for the young rats after they had been weaned until the actual 
expenment began The mother of the other httei, Y, had been kept on the 
same diet to which an ample supply of vitamins A and B had been added in 
the form of cod-liver oil and marmite, and this diet also was continued for the 
young rats 

When the rats were 7 weeks old the three heaviest and healthy looking 
of eacli litter were selected, and the six rats placed together in one Cage and 
fed with the vitamen-free basal ration (punfied casern, starch, olive oil, salt 
mixture) to which an ample supply of vitamin B was added in the form of 
crude marmite As fig 1 shows, the rats derived from litter X stopped 
growing almost at once and developed the typical eye infection within 8 oi 
9 weeks Those of Utter Y continued to grow fairly well at first After the 
eleventh week their weight became stationary and remained so for the next 
6 weeks (at the time of writing) Up to that time they had not developed 
any lesion or other mfeotive conditions They looked perfectly healthy 
normal rats in a good state of nutrition, and formed a striking contrast with 
the small, thm. Infected rats of litter X It may be added that the same 
result was previously obtained in a similar experiment, while in a third such 



On Blood- Platelets 


455 



Fio 1 — Weight cur\ es and platelet count in six rats kept in the same cage on the same 
vitamin A free diet The figure illustrates the parallelism between the degree of 
throrabopenia and the general condition of the animals 


Table to Fig 1 


So of 

rat 

Weeks of 

A deficiency 

Red cells 

Platelets 

Condition of rat 

886 

4 

8 7i0,000 

428 000 

No growth 

387 

4 

7 450,000 

660000 

Growing rapidly 

884 

6 

8 890,000 

891000 

No growth 

388 

5 

8,400,000 

660,000 

Growing 

384 

9 

6,900,000 

180000 

1 1 No growth, thin 

885 

9 

9,890,000 

890,000 

1 J Xerophthalmia beginning 

886 

10 

8,1*0,000 

1 817,000 j 

[ I ooks rery ill Idraneed 
xerophthalmia 

1 Normal healthy appear 

J anoe 

887 

889 

10 

10 

9,880,000 1 

8,800000 

1 470,000 

1 670,000 
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experiment the difference, although still present, was not so striking. In the 
present experiment the blood was examined at different times after the with- 
drawal of vitamin A in such a way that the number of platelets in a rat 
of one group could be compared with that of a rat of the other group on 
the same day The results, which are arranged in this way in the Table 
to fig. 1, show clearly that both groups develop a progressive thrombopenia, 
but that this thrombopenia advances much more rapidly in the severely 
affected litter X than in litter Y. 

Fig. 2 refers to four rats which react in the usual way to the withdrawal of 
the fat soluble vitamin from the diet, and requires no further explanation 



Fio. 2 — Weight curves and platelet count of four rats kept on a vitamin A-free diet. 


Table to Fig 2 


No of 
rat. 

Weeks of- 

A deflciencj 

Red cells j 

1 Platelets 

Condition of rat 

260 

8 

8,720,000 

249,000 



16 

8,240,000 

1 280,000 

No eje symptoms. 

278 

12 

6,720,000 

164,000 

Intense xerophthalmia 
Bacteria in Mood 

274 

7 

10,760,000 

680,000 



16 

10,820,000 

880,000 

Xerophthalmia. 

276 

6 

8,000,000 

818,000 



18 

7,800,000 

1 

160,000 

Kye symptoms developed 
two weeks after tbu 


We have stated above that, when A is withheld, the amount of vitamin B 
supplied determines to a certain extent the onset of the typical symptdms. 
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Fig. 3 refers to an experiment on three rats in which a minimal amount of 
vitamin B was supplied. The amount given was sufficient to prevent a fall 



Fio 3 — Effect of restricting the water-soluble vitamin B to a ininiiiniin Two rats. 
Nos 398 and 399, received no fat soluble vitamin, and developed the typical eye 
lesion The rat, No 397, received an abundant supply of vitamin A, and 

remained ivell 


Table to Fig 3. 



! Weeks 



1 


No of 
Rot 

of 

Vitamins 

supplied 

Bed oells 

1 Platelets 

CunditiOD of rat 

398 

1 ? 1 

A absent, 
minimal 

r 9,680.000 1 

230,000 

1 Xerophthalmia i died 



{ 


two days later of 
pneumonia 

supply of B 

399 

7 J 

L 9,400,000 

330,000 

Xerophthalmia 

897 

7 

Ample supply 

10,400,000 1 

960,000 

Has not grown, but 

Control 


of A, 
minimal 
supply of B 



healthy appearance 

1 


of temperature, but was not sufficient to enable the animals to grow Two of 
the three animals. Nos 398 and 399, received no vitaimii A, and they rapidly 
developed the typicAl eye lesion, although their weight was over 100 grm. 
when the expenmeiit began A third animal. No. 397, received an ample 
supply of the vitamin A, and served as control. It did not grow, but remained 
in good health otherwise. In this rat the number of platelets remained 
normal, while the other two rats developed an intense thrombopenia. Further 
evidence that the absence of vitamin B does not markedly affect the platelets 
will be given below. 

Perhaps the most striking evidence of the relationship between the fat* 
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soluble vitamin and the platelets, is afforded by the behaviour of platelets 
when the animals recover from vitamin A deficiency This is illustrated in 
fig 4 When the fat-soluble vitamin is supplied again, the platelets increase 
with extraordinary rapidity Here, again, there is a close parallelism between 
the recovery from the eye lesion and the increase in the number of platelets 
Thus, in rat 277, the eye lesion completely cleared up withm a week, and the 
number of platelets increased from 380 000 to 870,000 In rat 260, with the 



V/ wffa + 

x-£yr LCsioN lchon onAPPCAnA 

VlTAMINC A AB3CNT VlTAMINt A 


Fia 4— Effect of adding vitamin A to the deficient diet The figure illustrates the 
parallelism between the rate of increase in the number of platelets and the recover) 
from infection 

low value of 220,000 platelets and the presence of bacteria in the blood as 
demonstrated by a film pieparation, the platelets increased to almost 1,000,000 
within three weeks, the eye lesion became completely cured withm two weeks, 
and the bactena disappeared from the blood The reverse condition is 
represented by rat 386, which was very small and thin and emaciated, and 
irhioh, m addition to having the eye lesion, developed an abscess m the neck 
When ood-liver oil was given the eye lesion cleared up very slowly, and the 
general nutntive condition of the animal did not improve very much , as the 
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Table to Fig. 4 


No. of 
rat 

D«flcienoy or 
recoTery 

Bed cells 

Platelets 

Condition of rat. 

244 

D«6cieoay 

Recorerf, 

6 yreeki 

7 week! 

8,720,000 

10,440,000 

10,000,000 

480.000 

710.000 

820.000 


250 

Deficiency 

9,280,000 

300,000 

Xerophthalmui, bacteria in 
blood. 


Deficiency 

Keoorery, 

10,080,000 

220,000 

Xerophthalmia worse 


1 week 

8,000,000 

490,000 

Byes improving 


3 weeks 

9,060,000 

997,000 

Cured 

261 

Deficiency 

Recoreiy, 

2 weeks 

7.660.000 

8.800.000 

480,000 

1 996,000 


273 

Deficiency 

Recovery, 

2 weeks 

4 weeks 

0,720,000 

1 164,000 

Xerophthalmia ^ 


9.720.000 

9.760.000 

, 660,000 

' 980,000 

Eyes cured. 

274 

Deficiency 

Recovery, 

1 week 

10,320,000 

380,000 

Xerophthalmia 


10,660,000 

1 870,000 

Eyes cured 

886 

Deficiency 

Recovery, 

2 weeks 

8,120,000 

' 217,000 

Intense xerophtlialmin, ^ 

abscess lu neck. 


6,800,000 

, 622,000 

Looks tbin and ill | zeroph* 
thalmia bad almost cleared | 
up , abscess still present, 
but improving 


weight curve also indicates. The platelet count showed only a slow use from 
217,000 to 522,000 after two weeks. 

Eject of Vitamin A De/kiency on the lied Cells . — ^The Tables show that, iii 
the majority of cases, there is no distinct reduction in the number of red cells, 
even when the platelets are greatly diminished and the animal is in a typical 
condition of A deficiency. Occaaionally, however, an aniemia develops. Kats 
Nos. 384 and 273 have a distinct anaimia with a red count between 6,000,000 
and 7,000,000. These animals also had the most profound thrombopenia. 
Rat 386 is of interest because it developed an ancemia, not while the vitamin A 
was withheld, but later on when it was supplied again. It will be recalled 
that this animal had suflfered severely from the defioiency and responded with 
only an incomplete recovery. The anraniia cannot, therefore, be regarded as 
the characteristic lesion of vitamin A. deficiency. Our observations indicate 
that these occasional aneemias may follow an infection of the blood with 
micre-organisms. 
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Effect of Vitamin A Deficiency on the Leucocytes . — This subject has already 
been dealt with in a previous paper. There are no constant or characteristic 
changes. In the final stage, when infection has supervened, there is usually 
a great increase in the absolute number of polymorphonuclear cells. The 
lymphocytes show, as a rule, no more than a slight diminution, which contrasts 
sharply with the profound l}niphopema observed when the water soluble 
vitamin is withheld. We have already stated that a lymphopenia may also 
occur in the vitamin A deficiency when the acute effect has been produced 
and the animals are in a very poor state of nutation 

There appears to bo a change in the number of the polymorphonuclear 
leucocytes, in the sense that the nucleus is less lobulated in the animals 
suffering irom the vitamin A deficiency. To establish this fact fully would 
lequire a very extensive senes of observations which we do not propose to 
undertake We only refer to it here liecause it may afford an explanation of 
the statement that the so-called “ Aineth index ” (number of lobules of the 
polymorph nucleus) of tuberculous individuals is higher than that of normal 
individuals The explanation may possibly be found in the fact that the high 
Arneth index of the tuberculous individual is due to his dietary treatment, 
the diet being very rich in the fat-soluble vitamin 

Effect of Vitamin B Deficiency — Some observations were made on rats kept 
on a diet free from vitamin B, but containing an ample supply of vitamin A 
The results which are given in the following Table show that when the 
vitamin B is absent and vitamin A present the platelets do not diminish to- 
any extent, even at a time when the temperature has become very distinctly 
subnormal, and indicates an advanced stage of the deficiency : — 


Effect of B Deficiency. 


No of 
rat 


W eeka of 

B deOcienc;r 


Temperature 


1 


I 


Difference 
of initial 


Red oelli 


I 


Og 11,660,000 | 

0^ 9,020,000 

-Hg 10,000,000 j 


PUteleU 


980.000 

640.000 
1,300,000 


In the very last stages of this deficiency we have occasionally obtained low 
figures for the platelets. But here a technical difficulty arises, because it is 
difficult in that condition to obtain a free flow of blood when the tail is cut. 
^is 18, however, essential, since the blood platelets tend to stick to the tissues 
of the wound and disintegrate there, when the blood is oozing out slowly. 
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Even in a normal animal a low count is obtained if for some reason, a free 
flow of blood cannot be established 

Bffeet of Malnutntwn Not Due to Vxtamxn Dejicienri/ — In order to study 
this effect young rats of about 60 grm weight were kept on a protein free 
diet consisting of starch salt mixture and olive oil to which the vitamins A 
and B were added in the form of cod liver oil and marmite As a lesult the 
1 ats decUiie in weight but remain otherwise in good health for three or four 
weeks The platelets show no diminution at a time when the animals have 
lost 10 grm le 20 per cent in weight as the following figures show — 


Effect of Protein Dehcuncy iii the Presence of Vitamins 


\o of 
rut 

1 

W eeka of 
pro tom 
deflciencjr 

Temporature 

Low m 

j Red celli 

Plateleti 

420 

3 

38 4 

! lOv 

9776 000 

1060 000 

421 

3 

38 3 

1 10^ 

9280 000 1 

930 000 

422 


38 8 

lOy 

10 370000 

1 230 000 


Effects of Exposure to Bodmin 

It 18 well known that a profound lymphopenia can be produced and mam* 
tamed by relatively small doses of or y radiation With larger doses 
additional blood changes occur first a diminution m the number of poly 
morphs and with still larger doses a reduction m the number of red cells and 
hmmoglobm content For instance when rats were continuously exposed to 
radium under constant conditions a lymphopenia occurred within a few 
hours a polymorpho leuoopenia in 7 days and an amemia in 13 days 
Examples of these effects are given in Protocols Nos 1 and 2 
Protocol No 1 showing changes in the polymorphs — 

Three male rats weights 150 160 135 gtm exposed continuously to 
220 mgrm KaBrg 2H|0 distance 8 inches screen 01 mm lead 012 mm 
silver, for 7 days— this is equivalent to 0 66 rads 
Two control rats weights 210 and 166 grm 

Protocol No 2 showing changes in retl cells and haemoglobin Three female 
rats weights 80 85 75 grm exposed continuously to radium as in Protocol 
No 1, for 13 days equivalent to 1 2 rads 
Three control female rats weights 80 85 76 grm 
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The following Table gives the results of the blood examinations — 


Bat 

Weight 


Dayi. 1 


0 

2 

7 

11 

16 

28 

80 



Rodiam 

160 

P 

40 

2 2 

1 6 

1 9 

1 4 

a 0 

4 8 



L 

10 6 

5 4 

1 4 

1 2 

2 4 

7 2 

7 7 

Control 

210 

P 

9 2 

7 6 

7 4 

8 8 

6 2 





L 

18 1 

16 0 

24 0 

27 1 

20 2 


~ 




•> 

2 


8 

14 

18 

26 

Ra hum 

165 

P 

4 2 

4 8 

2 2 

0 9 

1 1 

1 0 

3 7 



I 

20 6 

10 2 

3 1 

1 2 

3 4 

9 6 

10 1 

Control 

161 

P 

3 8 

3 7 

4 6 

8 6 

5 8 

8 2 




r 

14 7 

16 6 

23 2 

20 2 1 

17 1 

20 3 



1 


0 

3 

8 1 

16 

21 

26 


Radi m ^ 


P 1 

6 3 

8 6 1 

1 4 j 

2 6 

2 3 

3 7 



160 I 

L 1 

16 1 

4 9 

20 1 

7 4 

9 6 

7 4 
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The following Table gives the results of the blood exammations — 


Rat 

Weight 


0 

r>a\R 

6 1 18 



Radium 

Control 

80 

80 

R 

H 

B 

H 

9 1 

102 p 0 

7 6 

98 pc 

8 8 
%y 

4 1 

68 pc 

9 1 

106 6po 


Dead on 17th day 




0 


18 

18 


Radium 

Control 

86 

86 j 

R 

H 

R 

H 

9 2 

97 pc 

8 2 

104 6po 

7 6 

91 6pc 

8 8 

111 pc 

8-0 

88po 

8 a 

101 6pc 

4 9 

69 p 0 

10 1 

116 pc 

Dead on 20tii day 



1 

0 

1 




Radium 

Control 

76 

76 

R 

H 

B 

H 

7 6 

108 po 

2 1 

10 8 

100 po 



Dead on 17th day 


B •• red cell content in milbone H •• htemoglobin percentage 
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At ileatb these animals exhibited signs of a generalised infection with 
micro organisms accompanied by a bronchopneumonia or an enteritis in one 
case xerophthalmia was present If instead of continuing the exposure for 
13 days shorter exposures be given then an amemia will eithei not develop 
or will supervene after varying lengths of time according to the dose and 
the weight of the animal and it is remarkable that so fai whenever an 
animal has developed an antemia it has invariahlv died within a few days 
This suggests that the anaemia is not directly due to iheraliation but is a 
secondary effect possibly due to the invasion of the bhod stream by micro 
organisms In view of the similarity letweeii these effects and those 
desenbe 1 above as resulting from withholdm, vitamin A an examination of 
the platelet content of the blood was made to discovei uhethei this could be 
the primary change to which the invasion of the blood stieam by micro 
organisms and the amemia was secondary The tin hugs are piven m the 
following protocol 

Protocol No 3 

live rats weights bO 60 65 70 90 grm expose I vs m Fiotoc 1 No 1 fn 
5 days equivalent to 0 46 rads 

The red cell an I h cmoglobm content remainel noimal in eveuy case 



Fic 0 Effect of radiation on the number of platelets in five rata Rapid du&inntion 

during and after exposure to radium, followed by rapid recovery 
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The changes in the number of the platelets are given in fig 6^ p 463 
A profound thrombopenia develops as a result of the exposure to radium 
This persists for a considerable time after the exposure to radium has ceased 
It IS followed bj a lapid spontaneous teoovery to the normal number — and 
sometimes exceeding it — within a week if the dose of radium has not been 
too large as in the piesent experiment With larger exposures an anaemia 
develops and the animals die from intercurrent infections These findings 
have an important clinical bearing upon the cases of pernicious anaemia which 
have occurred among radium workers and which have on a few occasions 
resulted in death In all these eases there has been some more or less 
definite evidence of an infection of the blood stream which has made some 
hesitate to attribute the condition entirely to exposure to radium These 
experiments probably indicate the particular part which micro organisms 
play m the manifestation of this type of aniemia , and they indicate the 
desirability ot examining the platelet content in all cases of pernicious anmmia 
especially of the aplastic vaneties 

The Functxon of Blood Platelets tn the Mechanism of Resistance to Bacterial 
Infection 

The observations recorded in this paper demonstrate a striking relationship 
between the resistance of an animal to certain bacterial infections and the 
number of platelets present m the blood When these latter are diminished 
below a certain level and kept there for some time either by withholdmg the 
fat soluble vitamin or by exposure to ladium infective conditions develop 
When a number of rats are kept in the same cage and on the same vitamin 
A-fiee diet only those animals develop infections in which the platelets have 
fallen below the critical level Those rats m which for reasons given in the 
paper, the platelets have not been affected to the same extent do not develop 
these infections When the deficient vitamin is supplied again the infective 
conditions clear up as the number of platelets morease provided of course 
that these mfeotions have not been allowed to persist for too long a time 
producing secondary changes such as antemia, to which the animal eventually 
succumbs The infections are as a rule of an avirulent kind In one case a 
bacteriological examination was made Blood cultures from the heart blood 
showed the presence of two different gram positive bacilli belonging to the 
diphtheroid group 

These facts demonstrate that the platelets fulfil an important function in 
the mechanism of resistance to certain bactenal infections This conclusion 
Imks the observations recorded in this paper to the phenomenon descnbed 
previously as "defence rupture” oi " kataphylaxia ’ by one of us in oonjuno* 
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tion with Dr W E G>e Ciamer and Gye (3) found that the injection ot 
ealoium salts, colloidal silicic acid and other colloids and even distilled water 
produced at the site of injection a diminution in the resistance to infection 
Thej showed subsequently (4) that all these different substances have m 
common that they produce the same lesion a damage to the endotheliuiu of 
the smaller blood vessels which elicits an agglutination of the platelets 
within the vessel, and the formation of a white thrombus with a lesulting 
local disturbnnoo in the circulation (see Plate VI hg 3, in VI Scientific Report 
of Imperial Cancer Research Fund) At the same time lymph and plasma 
pass out luto the suriouuding connective tissue where they form a gelatinous 
clot When the washed bacteria of gas gangiene or tetanus are injected at 
the site of tins lesion the specific disease (gas gangrene or tetanus as the case 
anay be) is elicited in a very virulent form at this site The same bacteria 
when injected into a different site of the same animal do not elicit the disease 
thei-e but, as in a normal animal, undergo phagocytosis and lysis. At the site 
pf the lesion active phagocytosis is still proceeding but evidence of lysis has 
never been observed This phenomenon of defence luptiire is not restricted 
to the anaerobic bacteria of gas gangrene and tetanus, but holds good also for 
streptococci, and has recently been shown by Gye and Kettle to be valid also 
for tubercle bacilli Ihe lesion responsible for this phenomenon is one which 
puts the platelets out of commission ’ so tu speak, locally by agglutinating 
them, and which, by its interference with the circulation, prevents the access 
of new platelets This leads to a local diminution in the resistance to 
infection In the thiombopenia ot vitamin A deficiency, or after exposure 
to radium, theie is a yeneral absence of platelets and this leads to agential 
diminution in the resistance to infection 

The literatuie contains some statements which afford direct evidence that 
the platelets are concerned in the elaboiation of bacteiioidal substancea The 
washed platelets and leucocytes do not contain any bactencidal substances 
when tested against the anthrax bacillus But wheu they are mixed with 
tissue fluids which, by themselves, are inactive, they confer upon this fluid an 
intense bactericidal power (Gruber and Futaki (5)) It should be noted tlist 
these bactericidal substances are not identical with the hiemoly tic complement 
More recent work would appear to assign to the platelets a somewhat 
different function C G. Bull (6) has shown in a series of papers that 
certain bacteria (staphylococci, colon bacilh, meningococci, typhoid bacilli, 
non-virulent pneumococci and non-virulent influenza baoilli) are rapidly 
agglutmated wheu injected into the blood of a normal rabbit or dog 
This 13 followed by a rapid removal of the bacteria from the circulation 
and by phagocytosis and destruction of the agglutinated bacteria in the 
VOL. xoiii. — a 2 L 
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capillary systema of the viscera Those bacteria which are not agglutinated 
remain in the circulation and produce a progressive septiccemia Generally 
speaking comparing different types of bacteria the degree of the agglutination 
of the infecting bacteria in the circulation of the host is a measure of the 
resistance of the host to the faiticular types of organism Bull drew special 
attention to the fact that with typhoid bacilb for instance the mechanism of 
defence in the living body is very different from that observed in vit)o by 
scrum or dofibrinated blood In the latter destruction is caused by bacterio 
lypis while in the living animal there is the process of agglutination and 
subsequent phagocytosis in the organs described above Delrez and 
Goiaerts (7 8) have followed up these observations and have shown that this 
process of agglutination in the living animal is brought about by the platelets 
They found that a few minutes after the injection of certain bacteria there is 
an agglomeration of the platelets and the bacteria A few minutes later the 
masses of agglomerated bactena an I platelets can be found in the hvei uii lei 
going phagocytosis 

The thrombopenia which is pi i luced in guinea pigs by the it jectiou of an 
antiplatelet serum (the experimental purpura of Ledingham (9) ) does not 
lead to the development of infective conditions because the animals either 
die within a few days as the result of the haemorrhages or when they recover 
the thrombopenia rapidly passes off The thrombopenia alone is as Bedson (10) 
has shown not sufficient to produce hTsmorrhages These aie the combined 
result of the thrombopenia and of a lesion of the vascular endothelium 
produced by the antiplatelet serum 

Summai y 

The absence of the fat soluble vitamin fiom the diet always leads m the 
rat to a progressive diminution in the number of blood platelets This 
thrombopenia is the only constant lesion which we have found so far m every 
case of vitamin A deficiency and we regard it as the lesion characteristic of 
this deficiency just as the lymphopenia is characteristic of the vitamin B 
deficiency A thrombopenia may even be found m rats kept on a vitamin A 
free diet when they do not yet show any obvious signs of ill health and are, 
to all external appearances normal animals When a profound thrombopenia 
has been established the addition of the missing vitamin A to the diet is 
followed by a rapid increase in the number of platelets to the normal number 
provided that the animal has not been allowed to suffer too long and too 
severely from the deficiency 

Exposure to radium produces not only a lymphopenia but also with 
sufficiently large doses a thrombopenia. lirom this the animals recovei 
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rapidly, li the application of radium is discontinued and the dose has not been 
too large , 

If by exposure to radium, or by withholding the fat soluble vitamin the 
number of platelets has been reduced below a ceitain oiitical level — about 
300 000 for the rat — the resistance of the animal to infection is greatly 
diminished and infective conditions develop spontaneously These may lead 
to a secondary amemia The infective conditions may clear up again os the 
number of platelets is made to increase 

The blood platelets fulfil an important function in the mechanism of 
resistance to bacteiial infection Alterations in the local orgeneial resistance 
to inflation are assocuted with local or general changes in the distribution of 
the platelets 

The radium used in these investigations was a loan from the Medical 
Research Council 
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1 Introduction 

This investigation was suggested to me by Prof E W MacBnde, F B S , to 
whom my thanks arc also due for kindly ])lacmg at my disposal two mota« 
morphosing plutei and a considerable number of young images of hchinua 
milmns, all of them fixed m absolute alcohol 

In the year 1892 Lov(^n(3) made a few obseivations on tlie embryonic 
elements of the calcareous lantern in Ooniocidaris canaliculata a Cidarid with 
a direct development He also examined the same structures in two young 
urchins which, as he himself admits, were of doubtful identity and in a state 
of bad preservation In the same year, Ih^cl (7) who was working at the 
early development of the cake nrchia, Uchinoc^amus punllus described certain 
early stages of the lantern in the young urchins After these researches of 
Lov^n and Th^l, it appears that no attempts have been made to study the 
development of the lantern ossicles in greater detail and with closer scrutiny 
It must be stated, however that in the year 1903, m a near relative of 
Erhinus milians, viz, Eihinus esculentus, though the oiigm and homology of 
the lantern coelom had been investigated by Prof Mai Bride (4) the calcareous 
structures it contains remained untouched One of the obstacles to their 
study was the fact that non-decaloified specimens could not be sectioned 
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satisfactorily by ordinary methods , and even if they could be sectioned there 
was the enormous dilhcultj of reconstructing, either mentally or otherwise, a 
very complicated system of ossicles But, happily, these difficulties were 
obviated by following a unique idea very kindly suggested to mo by Prof 
MacDiide He thought that if one could cut away just the top part of the shell, 
then aftei some slight maceration, one could see the lantern ossicles below 
By employing this method were obtained several mipoitant facts which are 
lecorded in this paper I here tike the opportunity of expressing my deep 
indibtcdness to Prof MacBride for the many valuable suggestions made and 
for the frequent advice given throughout the course of Ihis investigation and 
for kindly reading the mauusciipt 

2 Mithoil 

Ihe process of double imbedding m celloidin* and paraffin was employed, 
and the Jung ’ sliding microtome was used foi sectioning The latter 
instrument exactly suited my purpose, viz , making an openmg at the aboral 
surface of the young urchin Any slight error in oiientation can leadily be 
corrected in the course of sectioning by the side-to side and front to rear 
adjustments of the object-holder I must lemark, however, that it required 
some skill and judgment to out away just enough of the aboral part of the 
shell so as not to damage the lantern below 

When enough of the shell had been sectioned off, the paraffin was dissolved 
out m xylol, and the celloidin was removed by using a raivtiiro of eijual parts 
of ether and absolute alcohol The young urchin was then passed through 
decreasing strengths of alcohol and finally brought into distilled water when 
it was ready to be treated with * Itau-de la barraque ’ In this liquid was 
discovered an ideal macerating solution for the young urchin material 
While it does not act so vigorously as caustic-potash foi instance, it dissohes 
lu a given time just enough of the tissues to enable one to see through them 
the contained tiansparent ossicles This maceiation was watched under a 
low power of the microscope and it lasted never more than a few seconds 
The young urchin was quickly transferied to distilled water and passol 
through increasing strengths of alcohol, then into xylol, and finally mounted 
in xylol-balsam in the cavity of an excavated slide Such whole mounts, 
when illummated with a ‘ Nernst ’ electric lamp and examined with a 2 mm 
oil immersion lens, show the ossicles of the lantern very well indeed 

Entire embryomo teeth were obtained by applying gentle pressure, with a 
mounted-needle under microscopical guidance, to a well-macerated young 

* The imbedding m celloidin waa done according to OilBon’s rapid process (Lee s 
‘ Vade Meoum,’ 8th edition, p 104) 
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urchin The shell breaks away leaving the lantern m the centre By further 
manipulations with the mounted needle the teeth were separated dried and 
mounted in xylol balsam An examination of whole embryonic teeth 
lovealed seveial facts which were hitherto unknown and which threw fresh 
light on their morphology 

Ihc Javs 

In describing the development of the lantern ossicles it is pti haps well to 
liegm with the jaw and procee 1 upwards Each jaw or a pair of alveoli is 
develiped from a pair of tii ladiate spicules deposited in an inter radius of 
the eel inus rudiment of the metamorphosing plnteiis two rays of each 
ludinient of an alveolus are lound embracing a tooth one on the inner side 
md the other cn the outer si k while tl e third ray is seen ti stretch aborally 
and towards tl e ludiment ot an ep physis in the contiguous radius (Plate 1 1 
hg 1 A 1 ) The next step in the giowth of these sj cules consists in the 
branching of the three rays at their en Is and in bu Iding new off shoots ovei 
their lo 1) these sutsoquently join end to end By repetitions of this process 
there results a peiforated ossicle having moie or less the shape of an adult 
alveolus In fact the niliments of the alveoli like all othei elements of the 
lantern with the exception of the teeth follow the usual method of ossicle 
growth among echinoderms but as compared with the growth of the 
epiphyses anl the iotul<e for instance these „row mainly along their vertical 
axes Ihis fact enables one to account for tl e great height of the lantern in 
urchms generally 1 his vertical growth of the jaw has caused the ossicles 
above to be pushed farther and farther away from the oral region In the 
very early stages as may be expected one finds all the rudiments of the 
lantein occupying a comparatively low position 

The upward and radially directed growth of each alveolus results in a 
junction between it and the rudiment of an epiphysis in the adjoinmg radius 
Each jaw therefore bears on the top two epiphyses belonging to different 
radii 

4 The Epiphyses 

One finds their earliest traces as pairs of tnradiate spicules situated in each 
radius of the echinus rudiment far below the rotulee and above the level 
of the jaw rudiments Each spicule grows by the usual method and when a 
more or less rectangular plate is formed each epiphysis gives off from its 
outer comer in the proximity of a tooth a process the two processes 
belonging to a pair of epiphyses diverge from one another (Plate 14 fig 5 OE) 
One outgrowth meets over the foramen magnum and on the outer side of a 
tooth another — I say another advisedly for it is not its fellow — belonging 
to an epiphysis of a different but adjoining pair (Plate 16 fig 6 0 .ff) Both 
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processes together form at this stag© a comparatively flat bridge the arch- 
form being attamed later It is significant tliat this bridge was not developed 
by the palseozoic Echinocystoida Perischo echinoida Cidaroida Holectypina 
and two orders of Ccntiechinoida Accor ling to Jackson (2 pj 179 and 183) 
this is an important character found only in the four famihes of the Temno 
pleuridse Echinidie Strongylocentroti la, and I chin nietride c raprising his 
new sub order Canierodonta Evidently the presence of this b ilge for tlie 
attachment of the piotractor muscles is a sign of advance belonging t a late 
period in the phylogonj of the sea urchiiis 

The two epiphyses connected by their extensions are fiirthoi in contact 
below with the same jaw so that it is customary iii text books to designate 
them as a pair of epiphyses But as fai as one could nial e oit fiom the 
position of their rudiments it strikes one that the two epiphyses which he 
one on each side of and below a rotula form a pair This bemg so one may 
say each pair maintains its radial losition in the adult there being no 
diveiging of the epiphyses from a radius On the contrary as has been 
mentioned already the two alveoli of each )aw growing aboially like the 
limbs of a V each effect a junction with an epiphysis belonging to an adjacent 
radius This association though further strengthened by the formation of a 
bndge or an arch is to be legarded as only of secon lary importance The 
orientation ff the ossicles of the lantern in the adult may therefore be as 
follows comi asses rotul-e and epiphyses r hal jaws and teeth inter 
radial 

6 The hotvlm 

Each of the five rotuloe is laid down in a radius of the echmus ruhmeut 
in the metamorphosing larva as a tri radiate spicule always with two rays 
directed towards the oesophagus and one ray turned in the opposite direction 
(Plate 11 figs 1 and 2 RR) By the usual process a broad fenestrated and 
more or lees rectangular plate is formed roofing over the two epij hyses below 
which are thus concealed from an aboral view of the lantern at this stage 
(Plate 14 fig 6) In this plate the boundaries of the primordial tn radiate 
spicule may still be traced This stage recalls to one s mind the broad rotulse 
found m Palceodiscus fei o® (6) 


6 The Compasses 

In the absence of any evidence to the contrary the compasses have been 
usually regarded as unpaired elements The bifurcated ends however were 
supposed by Sollas (6) to indicate their paired nature But their develop 
ment shows conclusively that whilst they are duplex structures the forked 
ends are not indications of a paired nature 
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Each compabB can be traced to a pair of tn-radiate spicules placed, not side by 
side, but in a radial line one behind the other (Plate 13 hg 13, IC and OC) 
One may therefore, speak of an outer spicule and an inner spicule with reteience 
to the central axis of the lantern Nor are these two spicules deposited at 
the same time as are those of the epiphyses, for instance , the inner fiist and 
the outer next is the rule further these two spicules though in the same 
line, occupy different positions and levels in relation to the rotula Tlie outer 
spicule IS situated almost behind the rotula and almost at the same level as 
the latter if not below it whereas the inner spicule is placed just above the 
rotula Ihis fact accouiitb for the bent condition of the compasses in 
tlie adult 

These spicules diffei somewhat m the manner of their growth, not only from 
the other members of the lantern but also between themselves One of the 
three rays of the inner spicule is absoibed gradually (Plate 12, tig 3 I C) and 
the remaining two rays stretch end to end foiming a straight rod more or 
less, directed ladially The free blanching and anastomosing of the original 
lays of the rudiment found in the development of the rotula for example, 
does not obtain here The next step in their growth consists in an increase 
in thickness by the appearance and coalescence of bmnehes at the two ends 
of the rod , the middle part of the rod appears to grow in thickness all the 
same, though oue does not see as many olfshoots there 

The outer spicule has all tlie three oiiginal rays well developed, neverthe- 
less they do not branch Its giowth is cotihiied to its size The thiee ends 
of the spicule appear in a late stage thick and fenestrated, but the body of the 
spicule Id devoid of meshes (Plate 15, fig 6 COM) The tn-radiate shape is 
maintained intact and the ray directed ceiitralwards meets the inner piece and 
forms a suture with it, thus constituting the adult compass It is at this 
suture that the elevator muscles of the compasses are attached, some of the 
fibres to the hmder end of the inner piece and others to the proximal end 
of the outer This suture between the two pieces is so complete in the 
adult echmoids, both extinct and living, that its double nature has been 
scarcely ever surmised except in one species StiangyUKentrotus drobachterms 
(Jackson, B T,p 179) 

The compasses are the only set of ossicles of the lantern which are absent 
in the " echinus-rudiment ” of the larva, but appear after the metamorphosis. 

7 Teeth 

At the very outset it may be stated that the tooth is, m the lantern 
organisation, an element with a unique structure and a peculiar develop- 
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Foul '(tages may be recognised m its construction — 

(1) The formation of a pair of piiuioidial lamella. 

(.2) The deposition of secondary pairs ot lainellie 

(3) The consolidation ol all tliese and 

(4) The itlainment of a relatively bluble ].obiUon by the peiinauently 

active tooth germs whi li will bincefortb constitute Ibo rwt en 1 • 

The earliobt traces of a tooth so fai as I have made out irt in incipient 
cone incipient in the sense that not 1 ein^ ( nnpictely closed on the outer 
side it IS a cone in making It will be seen presently that eicb cone which 
comes into being subsepiently irises from a pair ot lamellT One may 
therefore reasonably infer th it each of these hve cones also arises in the same 
way from a pair of lamell e. We shall accordingly call these hve cones the 
hrst cones and the pair of lamellai of which eich hrst c me is believed to 
be composed the pair of primordial hmdl i Lach hrst cone is situated m 
an inter radius (Plate II fig 1 / O') with its apex turned towaids the future 
oial aspect and its base directed towards the future iboial aspect This cone 
serves as a starting point for the upbuilding of the ontiie tooth, for within 
the cavity of this cone in the metamorphosing pluteus aie found deposite I 
about SIX pairs of secondary lainellT:, The hrst cone remains as a distinct 
structure even after a good bit of the embryonic tooth has come into being 
(text fig 3 FO) it 18 highly probable that fimlly it enters into union with 
its successor and forms the tip of tlie embiyonic tooth 

A study of the numerous pairs of lamell e deposited in succession after 
the first cone has been foiraed reveals several facts of no small importance 
and interest Itach lamella is laid down as i round calcareous particle which 
as I have evidence to show is probably the product of a single calciferous 
cell This particle grows by accretion of lime on one side only in such a way 
that a small triangular plate is first formed (Plate 11 fig 1 L and text fig 1) 
At the base of this plate a peripheial growth takes place in one plane 
resulting ui an imperforate transparent lamella When it has attained its 
maximum vertical growth it has got the contour of an is isceles triangle with 
its apex directed towards the ventral aspect and its base towards the alwral 
surface Even before a paiticnlar lamella reaches its full size fresh lamellse 
are deposited at higher levels one above the other in quick and regular 
succession always on the inner side of the preceding lamella One can, 
therefore read the several stages passed through by a single lamella from the 
series of lamellsB representing different stages in then growth (text-fig 2) 

* Thh fact will be elucidated in a paper on the soft paite of the lantern, now m 
preparation 
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Tkxt-Fio 1 — Diagrammatic repiosentation of the formation of a cone fiom a pair of 
calcareous particles 1 A. pair of calcareous particles 2, 3, 4, 6, 6, and 7 Pro- 
gressive stages in the foimation of a pair of laiiielln- , B L , Basal end of a lamella 
where growth takes place by accretion 8 The pair of lumellre has attained its 
maximum vertical growth, further increase taking place onl^i at the lateral edges , 
the two lamellie are undergoing slight bending due piobably to the pressure of 
lamella: subsequently deposited. 0 and 10 The inner lateral edges of the two 
lamell* have commenced to grow , .1., The first spot where the latter come into 
contact and fuse 11 and 12 The inner lateral edges have approximated and aie 
gradually fusing , the outer lateral edges have also begun to join , it will be 
noticed that both the commencement and the completion of the fusion of these 
latter edges are later than those of the innei ; this stage in the formation of a 
cone may be called the “ incipient cone” stage 13. The flange F., at the top corner 
of each inner lateral edge, has appeared 14 The same flanges have joined, 
forming the characteristic beak. 16. A complete cone ; BK , Beak 16. Two 
cones showing their relation to each other , P.P., the spot where the fusion 
between the apices of the two cones takes place, this being the foundation for the 
formation of an axial rod-^the “ pars petrosa ” 

The relative position of the two fellow lamellae of a pair deserves notice. 
They are^deposited in close proximity to each other, but do not touch, and 
also at different levels so that they alternate. As growth proceeds, however. 



Parts of the Lantern qf Anstotle %n Echinus miliaris 47 ’> 

the two fellow lamellse are found at the same level incline! at first towards 
each other at an angle which varies with their giowth till finally as the 
lesiilt probably of pressure from succeeding lamell-e their apices are brought 
into contact and fuse together 

At this stage of our investigation it is perhaps well to tahe into account 
certain fundamental facts levealed to us — 

(1) We see that a lamella does not pass through a tri radiate sj icule condi 
tion unlike in this respect the other echinodeim ossicles which do as far as 
IS known at present 

(2) The growth of a lamella is unusual being different fiom tie noinial 
method of ossicle formation which obtains among the other component 
elements c f the lantern 

(3) There is a maximum limit to tl e veitical giowth of a lamella fuither 
growth being along the two equal ed^es of each lamella 

(4) Fiom the fact that numerous pairs of lamellai go to build the adult 
tooth two conclusions can be drawn viz (a) tl at tlie urcl in tooth is a paired 
structure and (6) that a pair of lamellc is the unit of the same This 
admission of the moiphological value of a pair of lamellae as a unit is not as 
will be seen later prejudicial to regarding a cone formed by a pan of lamellae 
as an integral structure 

The process of foimation of the tooth from these paired lamellae is not by 
any means simple* When two lamella of a pair have attained then 
maximum vertical growth by the pressure probably of the succeeding lamella) 
above they become bent and concave to an equal extent on their inner 
surfaces their outer surfaces becoming c rrespondingly convex Dining this 
bending the two lamellm appeal to grow along their lateral edges till those 
of one lamella face each to each their two fellows on the other lamelli 
(text fig 1) This giowth is maintained till the confronting edges meet and 
fuse forming a characteristic cone f 

While the fusion of the inner edges is taking place the rudiments of the 
canna are found to arise An inwardlj directed flange appears at the top 
corner of each inner edge (text fig 1) At about this time each cone under 
goes a flattening from the inner to the outer side Partlj as the result of 
this flatteniug and partly owing to their growth the above mentioned flanges 
project well towards the cesophageal side They ultimately come mto contact 

* Lov6n 8 (3 p 9) desonption of the formation of a tootb in Ooniooidant, from a 
single row of lamellee u extraordinarily simple He saye as follows The lameU, 
the general form of which corresponds with that of the tooth are laid one upon another 
regularly from the top downwards Spencer (1904 p 36) likewise 6gures a simph 
arrangement of lamellte in Palaodumt fm>x 

+ Th6el (7) describes also a cone m cone arrangement in hchtnoeyamut ptuUlu$ 
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and fuse forming a beak shaped process som* what like the beak of an ( unce 
glass It will be seen that in the formation ot this beak both lamellie take 
an equal share When several cones ht into one anoiher their beaks likewise 
fit together thus giving use to a crest which is the preciiisor of the cariua of 
the adult tooth The lower part of the tooth in tho imago aj pears to be 
devcid of this crest only the cones ansii g later de\clop tho beaks in (piestion 

Ihe fatting into one another of the cones takes place in such a manner that 
the bum of an upper cone always projects a small distance fiom above the 
brim of the lower cone into which it is enclosed Ihis fact has a necessary 
bearing first on the growth of a carina m the inner si le an 1 second on the 
formation probably of the middle fiiirow on the outei side c f each tooth 
(Plate 15 fig 6 and text fig 1) 

In the aboral end of the embryonic tooth — the root end in the adult — one 
can see all the intermediate stages between a pair of calcareous particles 
the simplest condition of a pair of lamellss and a transparent beaked cone 
the most advanced stage of the same (text fig 2) As has been alreuly 
mentioned thi Hist point ot contact and fusion between every two lamellie of 
4 pair IS at their apices The fused apices of one pan unites with those of 
its i.redecessor and successor even before tho pair itself reaches the stage of 
a cnie Thus a central lod icsults to which are attached all the cones and 
the younger pairs of lamellie Presumably this rod is the pars petrosa of 
Giesbrecht (1 p 90) Curiously enough the first cone does not appear to 
participate in the formation of this stony part (text fig 3) 

It has not been possible to follow closely the next phase m the building of 
the tooth The coalescence of the cones appears to proceed centnpetally from 
the pare petrosa outwards The outlines of the cones gradually disappear 
owing to the fusion of their walls 

The median furrow of the adult tooth probably marks the place where the 
suture ot the two outer edges of a pair of lamellie is formed Of this Ime of 
junction a greater portion is bound to disappear m the process of coalescence 
owing to its internal position m the cavity of its predecessor as explained 
already only the small exposed parts of this suture in the several cones 
probably persist and contnbute to the formation of the median furrow 

On account of the relative position between every two cones the beaks 
are on the mner side the only exposed parts of the line of junction between 
the two inner edges of the pairs of lamellm It must be observed that no 
indication of a suture however, is to be found on each beak These beaks as 
has been already described, are the precursors of the oarina which is for this 
reason a composite paired structure 8uch is the construction of a tooth so 
far as one could make out from observations of hard structures 
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Tkxt ¥ia 2 — RecoustJ uction of a fairly advanced tooth as viewed fioai the inni. Hide 
R T, Root end of the tooth where the lamellee can be seen in all their progressive 
stages C I ' , Calcareous particle the first beginniug of a lamella F Flange 
L, Lamellee 2LC , Two lamellee in the process of cone f imation 2 2>r , A 
fully formed cone BK , The beak of a cone L T Lower part of the tooth where 
the walls of the cones have fused if , Mesh work formed by the coalescence of 
lamellse PP “ Pais petrosa, or the stony pai t 
Tsrr Fio 8 — Actual drawing of a tooth less advanced than the one shown in text 
fig S, viewed from the outer side the first cone is still intact , it will be noticed 
tbAt the cones are yet iraperfeot on the outer side, fusion between the edges 
thereof being considerably delayed FC First cone PP, the ‘ Pars petrosa,” 
or the stony part resulting froifi the union of the apii.es of the serially fitting 
cones 2/ C , Two lamellee in the process of cone formation L , Lamelisc 
P , Calcareous particle , 0 E Outer edges not yet approximated 
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8 Disc s<n n 

In the mouth frame of recent Asteroidea as w( 11 as m most of the fossil 
stai fishes arc seen five pairs of generally triang ilar ossicles situated in the 
inter radial angles borlering the mouth (Speiicei 1913 p 2b) Originally 
identified by I i Iwig as th first j air of modified a lambulacrals they are nc w 
known is m uth angle plates By their position both in the embryo and in 
the adult an 1 by then relition t) the mouth the five pans of alveoli of the 
lantern of Aristotle recall the hve pairs of mouth an^le plates in star fishes 
In the section on epipl yses we saw how the tw 6 epiphyses each situate I 
on an alveolus belonging to a Ijncent jaws constituted a pair and not the two 
epiphyses whicli forme I an arch As the ladial canal of the water vasculai 
system runs between the two epiphyses in question • there is no serious 
obstacle to legarding this pair as corresponding to a pair of ambulacral 
ossicles 

T1 e interpretation of the lotul-e oflers in loul tedly dithculties 

Ihese are not only old olemerts as conclusivelj shown by their origin but 
also the sole unpaired elements in the lantern of Aristotle The only odd 
ossicle which gets into touch with tl e mouth frame in extinct star fishes is 
the odontopbor In an account of the family Urasterellidee Spencor (1913 
p 136) observes as follows — In a private letter to me Hudson asks 

me to note (in the mouth frame of tlie American species f/r itcrella pulcheUa)\ 
paired muscle lemains just within tl c large inter radial (odoutophor) 

He goes on to state that there must have been muscles to draw in the mouth 
angle plates which in each intei radius acted as an outer jaw Ihe oiigin of 
these adductors may have been on the inner surface of the odontophors rather 
than on the fiist ambulacralia This indicates that in certain asteroids the 
odontophor may get into close relationship with the mouth angle plates It 
must be noted however that m the lantern of Aristotle the rotula has 
muscular connection with the epiphyses and not with the jaws 

In certain other fossil star fishes again the odontophor has been shown to 
occupy an internal position (Spencer 1917 p 180) I quote these two 
features of the odontophor in the extinct asteroidea in order to show how thia 
odd ossicle behaves m certam oases it being far from my purpose to suggest 
thereby any asteroid descent for the echinoids 
The great impediment to regarding the lotulee as modified odontophors is 
the fact that while the latter aie inter ralial the former are radial Can it 
be that after occupying an internal position in the ancestral urchin the 

* This fact will be elucidated m a paper now m preparation 
t Thu parentheau u mine 
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odontophoia underwent a siniatral or dextral rotation which biought them to 
a radial position ? MacBride* with reference to the inter-pyrimidal muscles 
says as follows “Tliese on contraction, approximate the pan of jaws into 
which they are inserted, and it will easily be seen that by the successive 
contraction of the five comininator muscles a rotating movement ot the teeth 
would be produced which would cause them to exert an action something like 
that of an auger " Can this action of the lantern, coupled with the fact that 
the rotulte alone of all the ossicles of the lantern aie free from muscular 
attachment with the shell, be supposed to have broujjht about this 
displacement ? 

From its double origin and ladial position each compass may be regarded 
as corresponding to a pair of ambulacral ossicles It is generally known that 
in certain extinct star-hshes, the paired ambulacral plates alternated with 
each other If the same condition had prevailed among the ancestors of 
urchins, one might conceive of a displacement consisting ot one member of a 
pair being pushed in front of his fellow 

In instituting a comparison between a tooth and other ossicles of the lantern 
or those of the mouth-fiarae of star-fishes one should take a pair of primordial 
lainellte to represent a tooth on the one hand and paired ossicles on the other 
For I hold an urchin-tooth is not, in the strict sense of the term an ossicle , 
it IS sm aggregate of paired ossicles if the lamellie can be so called Whether 
the lainellfE themselves aio ossicles is open to doubt, as we saw in their 
development, they neithoi pass through a tri-radiate spicule stage not do they 
grow into fenestrated plates as ossicles of echinodcrms do in general by the 
branching and anastomosing of calcareous offshoots On the con ti ary a tooth- 
lamella grows by accietioii confined in the early stages to one particular side, 
viz, the base of the minute triangular plate bor purposes of comparison, 
therefore, a pair of tooth-lamellse may be with the abo\e mentioned reserva- 
tions, taken to represent a pair of ossicles coi responding to a pairol ‘alveoli " 
01 “epiphyses” rudiments This being so, a whole tooth does not stand in 
the same relation to its rudiments as the othei component part® of the lantern 
do , the latter are, par excellence, echmoderm ossicles whereas the former is an 
aggregate of paired structures which are not undoubted ossicles An epiphysis 
for instance, being the direct outcome of a tii radiate spicule, is a unit in 
itself , but a tooth is an aggregate, being the product of several paired units, 
the lamellffi. A tooth is essentially a double structure like a pair of “alveoli" 
or “epiphyses," the only indication of this in the adult tooth being the 
median furrow which runs longitudinally along its outei side 

The homologues of the urchm-tdoth are to be looked for among the bristles 
* See “ Echmodemuita,” ‘Cam Nat Hist ,’ p 626 
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earned by the mouth angle plates in star fishes If two such bribes get 
flattened assume a cent shape and are pushed between the two mouth angle 
plates thus becoming partly internal we have the rudiment of an urchin 
tooth 

There must liave been several physiological forces at work iji the 
evolution of the urchm tooth First of all the hability to wear and tear of 
an organ used lor browsing purposes could have induced the permanent 
retention of the activity of the embryonic tooth germ 1 he ancestor of the 
sea urchin whoever that might have been let us suppose started with the 
five first cones these may well have served the pnmitive animal as organs 
of mastication If the anoestial animal browsed on thmgs like the brown 
fronds of lav inana oi bored mto locks* — certain sea urchins aie known to 
do both — the conical teeth would be liable to suffer decay Under such 
circumstances the power of leplacing worn out teeth would have been of 
immense advantage and hence the permanent activity in the adult of the 
five embryonic tooth germs was probably the primary factor in the evolution 
of the urchin tooth 

But liow can one account for the coming into being of a stout rod as the 
result of fusion of several pairs of lamella * What could have mduced the 
deposition of numeious pairs of lamellw one above the othei m tlie imago 
urchin while even as jet the mouth is not formed ^ Ffficiency is the first 
answer that suggests itself A shoit conical tooth formed by a pair of 
dehcale lamellffi and renewed frequently even at its best must have been 
but a weak instrument to the ancestral urchin If the tooth germs laid 
down precociously j airs of lamella; and if by the fusion of these a stout rod 
resulted that meant efficiency in function and advance in structure In this 
way one may account for the formation of a stout rod shaped tooth through 
the fusion of seveial cones 

In this connection perhaps it will be well to consider what reaction the 
evolution of the tooth may have had on the jaws Each tooth in the adult is 
closely and immovably attached to a jaw This being so the jaw is bound to 
respond to any adaptations of the tootL In the echinus rudiment the 
vertacal height of the lantern is at its minimum f Now if the tooth 
increases in length in accordance with the causes indicated it is extremely 
likely that there will be a corresponding response on the part of the jaw to 
adjust itself to the growing tooth That the tooth may well have been the 

* lide The Locomotor Function of the Lantern tu Ecbinua by Prof Qemmill 
‘Koj Soc Pioc voL 85 p 101(1912) 

t The 1 eight of the lantern in lalotoditeut frro u «mall when compaiwd with that 
of hving urchins (Spencer 1904) 
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leading factor in the evolution ol a high Kuitern is pcihips seen in the lantern 
of the metamorphosing pluteus (Plate 11, hg 1 L) Heio we hnd that, even 
while the two jaw-rudimenta are m the tn ladiate spicule stage, the tooth is 
in ii relatively highei state of development with the hrst cone and nine 
jmiis of secondary lamelKc, and it extends abmally beyond the limits of the 
jaw rudiments It is porhajis admissible to infer fiom this that, with the 
glowing length of the toutli, the jaw ludiments kept pace pun pa^n^u, and 
the result was a lantern of great height 
‘'Summarising the foregoing ronclusions, I regaid the lantciii of Aiistotle 
as homoplastic with the buccal aimaturo of star hshes, the pyramids aio the 
modified first adambulacral plates, the epiphyses hive arisen from the hist 
anibulacral plates of the Eclimoid scries , and the teetli lepresent the 
odontophore, which has acquirul a iiersistent root, the radius and lotula 
lemam problematical” So wrote Prof Sollas in the year 1899 in his papei 
on "Silurian Eohmoidea and Ophiuroidoa’ (6) I leave the reader to 
compare this statement with whit has been luchcikd on the homologies of 
the lantern of Aristotle m this papei It will be seon that the idea of the 
homology of the urchiu-tooth advanced by me is entirely new, and based on 
indisputable embryological facts 

9 A Com/paiVson betneni Gitbhiei/ds (1)* AaouiU of lit* JkvihpmftU a/ tiu 
Uirhin-tooth cu> leoealed hi/ its Root-eml in tin Adult and the Con(<ti in tioii 
of the Same as seen in the Young Uuhm 
Attempts to probe into the jiciuliar constiuction ol an uichin tooth were 
made even as early as flic year 1841 lleginiiing with Valentin f Mejer 
AValdeyer, Tiouckait, Giesbrecht, Loveu, Ihcol and MacBiidc suttessively 
each gave hia attention to this oigaii With the exception of Lov6i Thdel 
and MacBiide, who studied it in young urchins, these authors employed m 
their researches the loot end of tlie adult urchin tooth. The ciodit of oui 
knowledge that the uichiii-tooth is built up of lamolliE is largely dm to 
these workers. Nevertheless, oui ideas as to the inannor of the origin of 
these lamellae, their growth, arrangement and signihcanco have hitherto been 
rather impeifeot The fiist attempt, I may say, to interpret the tooth- 
structure in terms of biogenetio laws has been made in this iiapei (see 
Discussion) 

A very inteiesting study was made by comparing my own obseri ations, 
based on the embryonic tooth, with those obtained by the examination of the 

* The greatei part of this important papei was translated to me by Prof MacBnde 
+ “Anatomic do genre Echinus,” 1841, by O Valentin, the first monograph In 
‘ Monogr d’Echinodermes viv et foss published by L Agassiz 

VOL, XCIII.— B. M 
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root-eml ot an adult tooth I*iom the nature of the case one ahould expect 
the process m the adult to he sinular to that in the joung Hence a 
cnmpHiison between the two la inevitable, nay, compulsoiy I am bound to 
confesH that my own researches do not confiriu in their mtiiety the oon- 
olnsions drawn by (riesbiecht the last and iiioht luiportaiil ot the mvesti 
gators ot the loot end ot the idnlt iiroliin tooth 

Acroiding to his obseivations Iheie are two sets of units for the urchin- 
tooth, one for the wings oi the lateral jiartij and the other for the cniina 
I'ht units of tlie forinei aio Hat structures called Scales” (Schiippon), which 
irc not lioniogeneous but an made ot two lanielhc sepaiated by a narrow 
interspace It appears to me that, in this latter inference, (Jiesbiecht has 
been misled by an aititaof and likewise also in his other, mentioned in the 
context, that his second set of units, ‘ the prisms,’ have an axis cylinder 
Each scale is undoubtedly a homogeneous structure ot integral value Eoi 
this leasoii, and also because it is moie appiopriate, I have in the description 
of these plates, rotaim d the use of the teiiu “lamella, ’ and diopped out tlie 
word ‘ scale” His account of the manner of growth ot each “scale is not 
m peitect accord with luiiic He says ‘ Meanwhile, ijuite like the shell of a 
mussel, lime is deposited lu la)eis lound one ‘ initial point ’ (the ‘calcareous 
particle’ in my desoiiption),* though not uniformly in a ciicle but on one 
side only, so that th< initial point always icinains at one edge of the plate 
like the unilto ot a mussel shell ’ Though this ilescriptioii suggests a 
peripheral growth, it differh in two respects (1) the giowtli in the pic-cone- 
formation period is by accntion in a stiaight lino along tlie base of the 
triingiilar plate (text-hg 1), iiid (2) the concentric rows ot stripes he 
mentions in tlie context are non-existent ui the lamella Furthei.Giesbrocht 
describes the lamellae of one row as alternating with those of the other, and 
has entirely missed out the foimation of the cones 
To me, it would appear, that his second set of units — what he calls 
“ pnsms,” but, in reality, long needle-shaped structures — is of the nature of 
secondary calcification In the young imago, the oarina is found to arise 
solely by the fusion of inwardly directed flanges (text-fag 1) ol the incipient 
cones, as has been already desciibed in the section on teeth Giesbreoht 
himself speaks of a certain part of the lamella taking part in the formation 
of the carina. I cannot, therefore, agree t<j his giving the " pnsms ’’ a 
morphological value equal to that of the lamelltic 
On account of the nature of the methods he employed, such as dissecting the 
loot-end with a mounted-needle and making ground-sections (Diinnsohliffen) 
of the same, 1 do not know how far one can rely on these doubtful details 
* Ibe parentbesik m mint) 
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of his observations He boiled the root-end with caustic-potash, a tieatinent 
wlinh undoubtedly would have interfered with (he structuie of such delicate 
things as the lauiellje The wonder is that Gieslirecht acf omplished so much 
with the methods at his disposal in those days 


10 tsunimaiy 

(1) All the calcareous elements of the lantern of Aiistotlo, with the 
exception of the teeth are ileposited as tii radiate spicules , in tins, as well as 
in their further jfiowth, thej resemble the ossicles of echinodi rins in (j;eueral 

(2) The two ‘ epiphyses one on each side of and lielow a rotula, are to be 
legarded as constituting a pair 

(3) A ‘ compass ’ arises from two rudimentary spicules It is the only 
element of the lantern absent in the ‘ cchinus-rudinient.” 

(4) A tooth IS a paired structure in consequence of its composition of a 
double low of lamella A pair of lamella* is its ultimate unit, although it is 
not inconceivable that originally a pair of laniellse itself after assuming a 
cone-shape, could have functioned as an integral structure a piimitive kind of 
tootli, in the ancestial urchin There is a remarkable stage in the consolida- 
tion of these lamell.t, vir, the cone-in-cone airangement Ihe canna is 
formed by the beaks of the serially-htting cones 

(5) Without committing one’s self to the view of a direct descent of tho 
sea-urchins fioni the star-hshes, one may institute a brief conipansou between 
the ossicles of the lantern and those of the mouth-frame of a star fish a pair 
of " alveoli corresponds to a pair of mouth-angle plates , a pair of 
“ epiphyses," as understood m this papoi, to the hrst pan of ambulacrals 
a pair of compasses to the second pair of ambulacrals , the rotula may, 
tentatively, be regaided as a displaced odontophor the pair of piimordial 
lamellae, the forerunner of the urchin-tooth may be compar»*J to a pair of 
bristles attached to a pair of mouth-angle plates 
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FXPLAVATION OF PIAThS 
List o> AiiimKMATi ns osici 
Alveolus 
Bobs i f a spine 
Beak of a cone 
Basal ends of lauiellm 
C anna of a tooth 

( alcareo w particle — tin staiting j oint of a laim Ila 
Coni]ias8 

Calcareous lisc of a tulx f t a cki i 
Epiphysis 

Elevatoi inuscles i f a con| ass 
t lange of a lamella 
First cone 

Inner rudiment of a compass 
Inter pyramidal muscles 
I>amell8B of a tooth 

A pair of lamellm in the piocoss of cone fuimation 

A fully formed cone 

Outer rudiment of a compass 

CEsopbagus 

Offshoot of an epiphysis 
Oral end of a tooth 
A pair of epiphyses 
Botula 

lludiuient of an alveolus 
Itu limeiit of an epiphysis 
Root end of a tooth 
Rudiment of a lotula 
Shell 
Spine 

Suture lietween the two ludiments of a compass 
Suture betwein thi piocesaes of two epiphyses 
Tooth 


As the wx hguies form a progressive series all of them should be consulted with 
regard to any particular ossicle of the lantein of Aristotle 
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DESCRIPTION OF PLATES 
Plate 11 

Pig 1 — “ Echinus rudiment of a luetamorphoHing pluteus macerated after all the 
extra larval parts have been ren oved 1 y sectioning the lantern elements are seen 
from the future aboial surface they ate all with the exception of the teeth in 
the stage of tn radiate spicules no tiace of compasses 

Fig S — Ahoral view of the lantern elements in a young imag probably just meta 
mol pbosed the top part of the shell has been removed and the specimen macerated 
the inner rudiment of a compass visible in one radius branching of the rays I as 
commenced in all the spicules 

Plate 12 

Fig 3 — Aboral view of the same in an imago iicl in slightly moio ailvanced well 
marked ludiments of the compasses ate laid down in all the radii epiph>ses 
considerably branched the teeth are rather diagrammatically represented 

Plate 13 

Fig 4 — Aboral view of the same in imago still mure advanced the hrst branches of 
each rotular i ndiment have joined end to end and fi esh off shoots have been put 
forth one ray of the inner rudiment of each compass is in piocess of resorption 
and another ray is being lengthened to meet the outer rudiment beaks are not 
formed by the earlier produced cones the root end of a tooth shows I he 
characteristic bend of the same seen in the adult a compass has been omitted 
m one radius it will be notioed the specimen is tetramerous in symmetry 

Plate 14 

Fig 6 — Aboral view of the same in imago more advanced than the one shown in 
fig 4 the rotuln. and the epiphyses have giown into fenestiated plates the 
outline of the original spicule may yet be traced in each rotula the two rudiments 
of each compass are still separate the epiphyses are putting foith processes the 
alveoli are not visible the compasses in two radii and a lotuta m one radi is have 
been omitted 

Pi ate 16 

Fig 6 — Aboral view of the same in a faiily grown young urchin the rotuiix are 
beginmng to smk between the two epiphyses below the off shoots of the latter 
have nearly met across the ‘ foramen magnum tha two pieces of each compass 
have met and formed a suture a carina in each tooth can now bo distinctly seen 
the jaws are not vuible a rotula and a compass hare together been omitted in 
one radius in order that a pair of epiphyses may be brought into view likewise 
the teeth have been left out in two ladii to show the bridge formed by the 
processes of two epiphyses the compass alone has been omitted in one radius to 
bring a rotula into full view 
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Origin and Destiny of Cholesterol tn the Animal Organism 
Part XIII — On the Autolysia of Liver and Spleen 

By John Addyman Gardnsk and Francis Wiliiam Fox (Beifc Memorial 
bellow) 

(Communicated by Sir W M Fletcher, F R S Received April 26, 1922 ) 

(Report to the Medical Research C ouncil From the Biochemical Laboratory, 3t George’* 

Hospital and the Physiological Iiiboiatory, South Kensington, London University) 

In Part XII of this senes (1921) the coinpanson was made of the 
intake and output of cholesterol m normal adults on a known diet and 
over periods of six days, and an average daily loss of 0 3 grin of cholesterol 
was noted The conclusion drawn was that there must be some organ in the 
body capable of synthesising cholesterol A similar view has been put 
forward bj Grigaut (1913) who expressed the opinion that this synthesis is 
the function of the suprarenal glands It seemed likely that the study of 
the autolysis of various tissues under aseptic conditions might throw some 
light on this question 

A number of observations bearing on this subject are described in the 
literature, some undertaken with the object of finding evidence of the 
presence of enzymes capable of hydrolysing cholesterol esters, others with the 
object of ascertaining whether desti notion or synthesis of cholesterol took 
place on autolysis Ihe results are very conflictmg 

In 1896, Cat bonne and again Waldvogel, in 1906, claimed to have obtained 
a large mcrease in cholesterol when lecithin was autolysed with stenle liver 
juioe Craven Moore (1907), however, was imable to confirm this, and 
described one experiment in which 600 grm of human liver, containmg 
0 037 per cent of cholesterol weie autolysed aseptically for 42 days at 37° C , 
and at the end were found to contain 0 038 per cent Corper (1912) also 
failed to find any marked change m the cholesterol of dog spleen on short 
autolysis 

Kondo (1910) attempted to decide the question of the presence of enzymes 
capable of hydrolysing cholesterol esters in blood and tissues by the deter- 
mination of the acetyl values of the ether extracts, but his conclusions were 
vitiated by the presence in addition to cholesterol of other acetylisable 
substances 

In 1912, Schultze repeated these experiments, using the digitomn method 
for estimation of cholesterol and its esteis He found that m autolysis of 
human blood and horse blood no hydrolysis of cholesterol esters took place. 
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Eabbit’s liver gave negative results, but in the case of horse liver a marked 
hydrolysis took place. In experiments with mixtures of blood and liver- 
juice, both in the case of horse and cow, a moie oi less complete hydrolysis, 
took place, but not with serum and liver-juice Schultze made no comment 
on the constancy or otherwise of the total cholesterol on autolysis, but 
as far as we can ascertain from his protocols, any variation between tho 
values of the fresh and auLolysed tissues were within the probable errors of 
experiment. 

Cytronberg (1912) continued the work of Schultze and showed that the 
cholesterase is contained in the blood cells and not in the plasma Howard 
Mueller (1916) however was unable to confiini Cytionbeig’s work. 

In 1920, T. E. Abelous and L. C. Soula found that spleen pulp on autolysis 
at 37° showed a maiked increase m total cholesterol. Some of their results 
are given m the following table : — 

Percentage of Cholesterol in .Spleen Pulp 

Amrnal Fre.h ^ ® 

Dog , 0 281 0-980 _ _ _ 

Oftfl 0 500 0 680 0 680 0 399 0 160 

„ 0-360 0 460 0 160 — — 

„ 0 -078 0 469 — — — 

Cow 0-317 0-670 0 416 - — 

Initially, it will be noticed, they found a rise followed on prolonged auto- 
lysis by a fall. They also found that these effects increased with use of 
temperature up to 45° C. 

In one experiment the addition of a minute amount of cholalic acid pro- 
duced a still more marked synthesis of cholesterol 


Aaimal. 

Initial content 1 48 boon 

48 hour> (nith 0 06 nm, 
cholalio aciJ added) 

Calf . j 

0 600 j 0-68 

1-11 


They also investigated other organs and concluded generally that nervous 
tissue and liver also have the power of synthesising cholesterol, but in less 
degree than spleen. Other tissues on autolysis show a destruction of 
cholesterol. 

The authors give no details of their methods of extraot^ion and analysis, 
but obviously their results, if correct, are of very great importance. 
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We determined therefore, to study the autolysis of vanous organs and in 
this paper give an account of our experiments on liver and spleen 

Method 

The whole fresh organ fieel as completely as possible from adhering tissue 
and fat was finely minced in a mincing machine pulped in a mortar and 
divided into the required number of approximately equal portions which 
were then ac urately weighel One portion was analysed at onoe and the 
others mixed in some cases with sutticient toluene and in other cases with 
a 2 per cent solution of sodium fluoride to prevent bacterial growth They 
were then placed in sterile flasks in the incubator at 37° C and allowed to 
autolyse for definite periods The autolysed tissue was not examined 
hactenologically but the smell indicated that no appreoialile putrefaction 
!had taken place 

Fjdractwm (/ fat 

This IS the most important stage of the process and one in which in our 
experience erroi is most likely to occur The pulped tissue — fresh or auto 
lysed — was mixed with excess of alcohol and the fluid portion then drained 
off The solid matter was placed m a paper thimble and extracted with 
alcohol for several days the matenal being taken out at intervals and 
re ground linally the extraction was completed by means of ethei 

The alcoholic fluids were evaporated and the residue thoroughly extracted 
with ether Ibe ethereal extiact was added to the above and made to known 
volume An aliquot portion was evaporated to obtain the total ether extract, 
and when desired to estimate the free cholesterol 

The extraction was carried out in a flask or matrass with a very long wide 
neck The paper thimble was placed m an ordinary Soxhlet tube with 
syphon suspended by a platinum wire in the neck of the flask Above this 
was suspended a closely wound glass spiral tube through which cold watei 
circulated and which served as a very efficient condenser By varying the 
height of the Soxhlet tube and the condenser the apparatus could be adapted 
for use with various sohents and the temperature of the actual extracting 
solvent could be varied within considerable limits Another important 
advantage was that all coiks and joints were dispensed with and the 
apparatus was easy to manipulate and clean 

Hydrolym of the Fat 

The fat was hydrolysed m ethereal solution with a large excess of an 
alcoholic solution of sodium ethoxide, as desonbed in previous papers, but as 
the esters of cholesterol are said to be difiicult to hydrolyse in the cold by 
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this method, the mixture was refluxed foi 4 ot " Jiouis on tlie water liatJi, 
and then allowed to stand 24 houis The soaps were fdtored ind well washed 
with ether or if too lar^e foi this extiacted iii tlu apparatus desciibed 
aboie The etheieal solution of nimpoiiih ihle m i( ter was tliui thou ii^hli 
washed free fioiii alcohol aiul trac< s of soap undt to known v >liiinp in I in 
alupiot poition evaiKiratid and weighed 

Eitiiiiittimi of kitnih Pn i/ntrihh ly />o/// ???/ 

Ihis estimation was earned out by the method disiiibid by hiasei and 
(■aidiiei (1910) on a suitable poition of the solution 

Most of the experiments were earned out on human livii and spkeii 
obtained fiom cases of Inalthy adults killed suddenly by accidents In thesi 
cases it was not possible to obtain the inatenal until some 24 hours afUi 
death, duimg which time post mrtem changes might have taken place willi 
possible destruction of tlie enzymes resjiousibk fn the changes under mxesti 
gallon Control experiments were therefore made on liver and spleen ohtaim d 
fiom oxen killed at the slaughter house by the Kosher method Ihe matciial 
thus obtamed was treated within 2 ot at most 3 hours after death In one 
experuneiit pure cholalic acid was added to the autol} sing tissue to test tlic 
statement of Abelous and Soulii that the addition of a small quuUity of this 
substance would maikedly increase the synthesis of cholestciol 

Oiir lesults are given in the following Tables — (1) liver (II) Spleen 

Discussion of Results 

In all these experiments such aliquot portions were taken for anal j sis as 
would give between 0 18 and 0 20 gnu of digitonide loi wt igliiii),, It was 
uot possible to use larger quantities than this owing to the seaicit> of 
digitonm but in our experience these quantities are quite sufficK nt to give 
reliable results other things being equal 

When we consider the largo and complex senes of opeiations necessniy m 
carrying out those expeiimentstlie errois must be considerable howovei great 
the care taken We think that errors creep m mainly m the extiaition 
prooess In the Tables we give the sterol results to the tlind place of 
decimals which would be justifiable if we were dealing with pure sterols 
The relatively mmute errors inherent in the digitonin method itself aie, of 
course, magnified in calculating the quantities actually weiglied to peicentnge 
of the oiiginal material taken for autolysis and extraction In our opinion, 
second place may be regarded, hovnever, os approximately conect 

4 careful considerafaon of the figuies indicates no evidence whatever of 
either synthesis, or destruction of cholesterol, during auiolysia, and as far as 
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aiitolytic exi)eiinieiit,s aHoid ovidencu oii tho pomt, those oigans are not 
cou(erned with the synthesis of cholesterol m the organism 

In column 8, wc give the percentages of uiisaponifiable niattei Tliese 
hgiups aic probably a little too high, owing to the presence of traces ol lesms 
which we have shown (1921, Gaidner and Fox) are pioduced by the action of 
tih ohol on alkali during hydrolysis, but it will be noticeil that tlie total 
uiisapomhable matter is two to three times the weight of sterol precipitated 
hy digitonin The composition of this unprecipitable poition is under 
investigation With the Buiohardt-Liebermann leagent this substance gives 
a reildish brown coloui changing to green, in a manner sirnilii to that of the 
poitiou of the uiisapomhable mattei of freces not precipitated by digitonin 
Estimations were also made of the free and ester cholesterol present in the 
fiesh and autolysed tissue, but wo do not give the figures at this stagt of tin 
inquiry, because we think that the question of the presence of feimentH capable 
of hydiolysing or synthesising sterol esteis, is lietter attacked by invostigatiiig 
tho eflocts of tissue oxtiact on pure cholesterol osteis Wo may say, howevt i, 
that our results aie in general agreement with those of J H Schult^c 
pioviously mentioned 

Condusion. 

As fai as autolytir exiieiiinents are concerned, there is no evulencc tliut 
oithci liver 01 spleen ate the organs which have to do with the syiithesis oi 
change ot cholesteiol as maintained by Abolous and Souls 

Wc take this oppoitiimty of expressing our thanks to the novoinirn nt 
(«iant ronimittee of the Royal Society, foi help towards the expenses of the 
icsiarcli , to Dr Schryvei, for kindly supplying a sample of piiio tholalic 
acul , and more especially to Dr Donaldson, of St George’s Hospital, foi the 
caro and tiouble he lus taken in obtaining the po4 mmttm material , and to 
Di Rashleigh, tor valued help lu some of the eailiei oxpeiiments 
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EARL OF DUOIE, 1827-1921. 

The late Earl of Ducie, who died at hia seat, Tortworth, Glouoeaterslure, was 
born on June 2.), 1827, and was the “ father ’ of the House of Lords, which he 
entered on the death of liis father in 1853 He was also the “ father ” of the 
Royal Society, to which he was elected m 1855, as well as the oldest Lord 
Lieutenant in England, having been appointed by Falmerston in 1857. 

He was the eldest of ton brothers and four sisters, several of whom survive 
him, but his only son, Lord Moretou, died in 1920, leaving no heir, so that he 
18 succeeded by his brother, the Honourable Beikeley Moreton, formerly 
Colonial Secretary for Queensland, where he has lesided for many yeais 

Lord Ducie was a type of man more common peihaps in the early Victorian 
era, to winch ho belonged, than at present, who received the honour of our 
Fellowship rather on account of his position and his general interest in 
Science, than for any special study or work that ho had done. 

If, however, Aiboriculture is a science, and a tree-planter has a claim to 
be elected an F R.S in virtue of his lifelong devotion to a pursuit which has 
beautified rural England beyond any other country, then I have no hesitation 
in saying that he would, even as a simple country squire, have deserved it. 
When he inherited the noble domain of Tortworth, 68 years ago, he found 
nothing more to induce him to become a leader in Arboriculture than many 
others have found , for his father, though an eminent agriculturist, had done 
little or nothing to set him an example. Loudon had laid a good foundation 
for more exact knowledge than oui ancestors possessed of the groat number 
of exotic trees which will thrive in this country, and the introduction by 
Douglas and others of numerous North Amexican conifers, had attracted many 
And created a fashion for planting a " Pinetum ” m many parts of England. 
Some of the most famous of these Pineta were made on soils or in climates 
■which later experience has proved to bo unsuitable, and in consequence when 
the generation which had planted them died out, they sometimes became 
neglected and many of the species died. But the varied soils and situations 
at Tortworth, coupled with the favourable climate of the vale of Gloucester, 
favoured Lord Ducio’s early experiments so well, that he never rested in his 
labours till he was past niuety, when his bodily and mental powers began to 
fail. But his pleasure and interest in watching the growth of his trees never 
diminished, and he set an example to all planters by the care which he gave 
to his trees for many years , with the result that at Kew alone can a collec- 
tion be found, so well grown, well pruned, and generally well cared for as at 
Tortworth. 

When I first began to collect material for a more up-to-date work on the 
ttoM of Groat Britain, he encouraged and assisted me to a greater extent than 
Aoy otlwr man, and was never so pleased as when he eould show me in one or 
<othef nmote corner of the park or plantations, some rare Amerioaa oak, 
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hickory, oi other hard wood which he had planted 40 or 50 years before 
Visitors weie numerous at Tortworth, and though he loved to show them 
round himself, he was such a conscientious man in the performance of the 
numerous public duties which he undertook, that he always seemed to lie in 
a hurry to get on the next tree oi the next duty so that one had to repeat 
one’s visits fiequently in order to take in the knowledge he possessed I well 
remember telling him of a tree in Lord Bathurst’s jiark which I could not 
identify with certainty He said ‘ What is the use of your knowledge if you 
cannot name a tree i" and wrote to hir J U Hooker to send down the late 
Mr Nicholson to name it, who suspecting as I did, that it was of hybrid 
origin, identified it with Pyriu, intermedia But it was only after my personal 
visit to Fontainebleau, and a week, s woik by Dr Henry iii the Kew Herliaiiuni 
that we came to the conclusion that it must be the same as what Gay and 
other French botanists, many yeaiti before, had called the Seivice Tree of 
Fontainebleau, Pyrus Inhfoha 

When Prof C S Saigent of Boston and the fate Dr Asa Graj visited 
1 ortwoith about 1880 they weie shown three trees natives of California, which 
neither of them had seen alive in their own country and which will not exist 
in the climate of New England Castanea ehrysophylla, the Golden leaved 
( hestiiut, was one of these, and though the Tortworth specimen is rathei a 
groat bush than a tree, it has supplied seeds for years to all who asked for 
them worthily , for Lord Ducie was most liberal in distributing young trees 
from his well managed nursery 

Though Lord Ducie was for many years a Vice-President of the Eoyal 
Horticultural Society, and was generally interested in local geology and 
botany, he took no particular interest in other branches of horticulture, 
though Tortworth is celebrated for its fruit He was an active Volunteer from 
the commencement of the movement, a distinguished marksman with the 
match-rifle, a yachtsman who visited Norway on many occasions, until he lost 
his steam yacht in a fjord there He was for some years President of the 
National Bifle Association, and a most indefatigable worker in all county 
business Though Lord Ducie had resisted the request of numerous Iriends to 
compile or allow to be published a catalogue of his unique collection of living 
trees, it is much to be hojied that such a fitting memorial of his life’s work 
may now be attempted H J E 
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ADRIAN I ROWN 185J— IQIO 

Adrian Hrown was tlie junioi nieinber it tl e vei> leniarkable amateur 
scientific quartette Pet r Guess Goimhus OSulhvau and tlie bi tbers 
Brown — TIoi ice and Adi i in once ictive m tin scientific soi vice of brewing at 
Pm ton on Tient 

Iho amateur scientific workei isa peculiirly Piitisli priduct — he hates drill 
and grows through force ot example not of precept He has not matuicd in 
countiiis where drill has been in the ascen lant Gness was an oiitstaii ling 
example He spent six or seven years at the Uiiiveisity — iloing nothing as a 
f inn il student the saying goes tint he wasted his time lai frem this — 
whilst ho took his fill of student life what to lay would be called his sub 
conscious mind was clearly at work and he sud Icnlj displayed extraordinary 
activity in the laboiatory His great abilitj was appieciated by Kolbe his 
teacher himself a man of the highest intelligence to some extent trainc 1 here 
under the late Lord Playfair ns fellow workei with the late 8ir Edward 
Finnkland the ablest chemist of Ins time in the laboratiry and the authoi ol 
the theory of valency upon which oui eiitiie sjstcin of stmctiiral foimulce is 
based Kolbc recommended Gness to Hotiniiia then Piofessor at the Royal 
College of Chemistry in Oxford Street Iinlon — whence arose the d}cstuff 
industry as the outward and visible sign of the „ieat leadei s activity and 
example as an oiiginil woiker Gness biought with him ftom Geimany his 
discovery of the Diazo compounds one f the most remarkable m the histoiy 
of chemistry as it involved recognition of the fact that nitrogen up to that 
time legaided as an ineit oleincnt could form compounds of unusual chemicil 
activity and extreme instability He developel his discovery in London 
until in 1862 he become assistant in Vllsopps Rreweiy m Buiton on Trent 
Here until his death in 1888 he occupied an anomalous position living a life 
all but apart from the brewery an indefatigable worker high up m an 
empyrean of constructive oigamc chemistiy Apparently Gness did nothing 
m particular for brewing beyond critii ising its products but he laid the 
foundation of a branch of the dyestuff industry which has since been the 
most remunerative of its many ictivities His soi vices were once sought by 
an English dyestuff firm but the beggarlj terms offbred him were naturally 
declined and we lost an irrecoverable opportumti 

In the past scientific workers had then indivilual patrons who supportcl 
their inqnmes , but the Allsopp firm behaved to their chemist m a way which 
IS without parallel ui the histoiy of industrial enterprise they seem to have 
gloried m having so distinguished a man on their staT without considering 
the direct value of bis services fiis presence was testimony to their breadth 
of view as well as to their liberality they undoubtedly gained in repute from 
their action 
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Horace Brown entered on his technical career, in 1866, at the time 
when Griess took up 1 he position of chief clieinist, at Allsopp s, vacated by 
Dr Bottinger, father of the Dr H \on Bottinger, recently deceased who is 
noted foi tlio part he played in the deielopment of the German Djestuff 
Industiy He had been influenced as a lad both by Bottingti and by Guess 
but his only didactic tiaining in chemistrj was a year spent at the Royal 
Gollege of Chemistry partly under Ilofmaiin and partly under Hofmanns 
successoi I’lankland 

Cornelius O’Sullivan went to Burton in 1867 lit too had been a pupil of 
Hofmann, at the Royal College of Chemistry , lie was one of the assistants in 
the laboratory at the time when Horace Blown and the writer entered as 
students He accompanied Hofmann to Berlin but, after a few months, on 
his lecommendation, letuiiied to Liigland to enter the service of Messrs Bass 
and Co An accomplished woiker he began the study of the mash-tun liy 
investigating the action of the nizymes of malt (diastase) on staich, he may 
be said to have lediscoiered maltose in the course of this work and to have 
established its significance as a fundamental unit in the complex starch 
molecule Although others have followed in Ins footsteps, to the present day 
we lemain ignorant as to the precise natuie of the successive changes which 
the starch molecule undergot s on hydrolysis and of the number of enzymes 
concerned in the process O bullivan was also the first to study, m detail, the 
late at which cane sugar was hydrolysed by yeast mvertase Finally he 
undertook an in(|uiry into the jtroducts of the hydrolysis of gum-arabic and 
laid solid foundations which no one yet has built upon. 

Adrian Brown did not enter the scientific service at Burton until 1876, 
when its foundations had been deeply laid he then spent several yeais 
studying for the distinguished part he was to take in the quartette 

He was born at Bui ton on Apiil 27, 1852 He came of a practical and 
natuie-loving stock llis father Rdwin Brown, the son of a small builder, 
left school at an early age, to become clerk at a private bank in Burton, 
ultimately the Burton, Uttoxetei and Ashbourne Union Bank of which he 
was manager during the last twenty five years of his life He died suddenly , 
111 1876, at the age of fifty seven He was an ardent naturalist, specially 
known as a coleopterist, with a stiong scientific bent and leanings to all the 
sciences, particularly geology 

He 18 referred to in the Lite and I.«tters of Charles Darwin ’ in a letter 
from Heniy Walter Bates, the celebrated Amazonian traveller, to Darwin, 
dated October 17, 1862 — 

Mr Edwin Brown is manager in a large Bank at Burton I have 
known him twenty one years, he was my earliest naturalist fri6nd I 
have always looked on him as a man of extraordinary intellectual ability 
I have given him my notices on Carabi He is amassing material 
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(specimens) at \ ery great expense He has nevei travelled this is a 
great deficiency for the i elation of species to closely allied species and 
varieties cannot I think be thoioughly understood without personal 
obsei\ation in difleient countries 

In the memoir by Mi tdward Clodd prefixed to the repiint of the 
unabri Iged edition ot ‘ The Naturalist on the Kiver Amazon published by 
Mi Muir'ij m 18^2 it is stated that — 

Bates was born at Leicister in 1825 and spent his youth in the 
district Apprenticed to a hosiery business he left it soon after his 
master died an 1 eventually enteied Allsopps Brcweiy as a cleik 

Air C 1 11 adds — 

often as he could ho escaped from the desk to the o^xn air and 
some results of Ins entomologisin^ arc found in a paper on Coleoptcia 
in the neighbourhood of Burton m Trent published in the Zoologist 
(VI 1848 1997) Ml Edwin Blown who obtained him the situation 
at Allsopps 18 referred to as the captor of several species scheiliiled in 
the ja] ei 

Eelwiii Brown appeals to have exercised considerable influence upon ilie 
foi tunes of botli Bates and A U Wallace Bates became acquainted with 
Wallace ak Leicester wheie the latter was English master in the Collegiate 
bchool Mr Clodd tells us that — 

Ihe two friends often discussed schemes for going abroad ti explore 
some unharvested region and at last these took definite shape mainly 
thiough the inteicst excited ly a little book published by John Mm ray 
in 1847 entitled A Voyage up the liiver Amazon including a Bi suit nee 
at Piia by Mr W H Fdwards an American tourist 

The writer learns from Di Horico Blown that this book had ^reatly 
interested his stepfatlici Edwin Brown who lent it to Bates to read 1 he 
recoveiy of such a fragment ol histoiy will not be without interest as giving 
a clue to the mental process thereby the two tiavcllers weie eveuluall> led 
t } the study of pioblems of world wide significance 

\diian Blown was theicfoie nuiturcd m a scientific atmospheie He 
attended the local grammar sdiool but his eflcctive training was, at the 
hands of his fathei and in cheinistij paiticularly of his eldei biotlier 
Hoiace Ho recei\cd his special technical training mainly at the Riyal 
College of Science the combination of the Royal Oollegc of Chemistry 
Oxford Street with the Royal School of Mines Jermyn Street then ]ust 
effected at South Kensington On leaving he became private assistant to 
Dr Russell Lecturer on Chemistry m bt Bartholomew s Hospital Medical 
School 

In 1873 he quitted London for Buiton, to act as chemist to M ssrs bait 
and Co Brewers 



VI ObiUmry Notices of Fellows deceased 

> 

In referring to the Burtonian quartette which Adrian Brown was the 
last to join as amateur workers the writer is not unmindful of the fact that 
all weie brewers chemists and therefore professionally engaged excepting 
perhaps Griess — and it has always been thought that he has not had 
sufficient credit for the work he did m the brewery None the less the 
spirit in which they worked was that of the amateui of the past thej 
sought neither gam nor applause love of their art was tlieir guiding 
light they were led solely by desiie to explore its fields to grasp its value 
to displav its beauties 

Adrian Brown remained twenty five years in the brewery leaving in 1899 
to take charge of the newly founded Chair of Biewmg and Malting at the 
Mason College Birmingham When the University of Birmingham was 
established he became Trofessor of the Biology and Chemistry of lermenta 
tiou and Director of the School of Brewing He died suddenly on July 2 
1919 three days after his wife 

A naturalist from his birth upwards a man of unobtrusive manner but 
great personal charm he gained the esteem of all whom he met officialij 
and the affection of his many friends Not only was his standard of 
piiieavour ever the highest but all he did was characteiised by originality 
great independence of judgment and a consistent logic 

He was not elected into the Society until 1911 His first work was in 
advance of the time and did not receive the attention it deserved although 
the subject the action of oxidising organisms was one of great interest 
oxidation playing so determming a part in vital activity He began by 
studying the action of the well known Bactenum aedt used in produciug 
vmegar from alcohol then that of another organism Bacterium xyhnw 
which he was the first to isolate from Mother of Vmegar 

Ihe point brought out in the earlier inquiry was the inability of B aceti to 
condition the oxidation of methylic alcohol although it grew in presence of 
t^is compound then that it was able to determine the conversion not only 
of ethylic alcohol but also ot propylic to the corresponding acid , yet was 
without action on isopropylio and isobutyho alcohols still it grew in the 
presence of these compounds but was killed by fusel oil and amylic alcohol 
These remarkable differences in behaviour of compounds so closely relate 1 
remain unexplained to the present day Assuming that oxidation be deter 
mined by a catalyst le at a solid surface it is most probable that the 
surface is dififerently affected by the different alcohols but on any hypo 
thesis the fact that methylic and isopropylic alcohols are unattached 
whilst compounds so close to them m all chemical properties are oxidised 
IS very strikiug , no other such maiked instance of bacterial epicunsm is 
known 

The results of his work on B xyhnum were of less direct significance as 
his attention was mainly directed to the membrane which this organism 
produces in sugar solutions , he thought it was a vanety of cellulose but from 
later work, by Emmerlmg it is probable that the product is of a ohitmous 
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oharaoter Here again however a field is opened up for further inquiry — 
if action take plaoe within the cell how comes it that such a product is 
secreted without the organism if this be not destroyed in the process ? 

The activities of B xyltnuni were studied a lew years later by the Fiend 
chemist Bertrand who established the fact that it lias an entirely remarkable 
discriminative power as in compounds sensitive to its oxidising influence two 
H C OH groups are present not only iii conjunction but so placed that the two 
OH groups in these are on the same side of the plane in the formula thu 
when the two isomerides formed by reducing soiboses are submitted to the 
action of the organism 

H H OH H OH H OH H 

CHjOH— i— i— C— (* — GH,OH ( HjOH— ( 1 — C— L— L — ( HjOH 

1111 1 I I I 

OH OH HOH H OIIH OH 

Sorbitol Iditol 

sorbitol alone is oxidised an 1 rec mveited into ketose (soilxise) It is in no wai 
clear at present whether the selective activity displayed by the organism be that 
of an enzyme or traceable merely to a peculiarity in the oxidative process 
The root ideas underlying our present conception of the nature of enzymic 
hydrolysis are largely traceable to Vdrian Browns iconoclastic work 
Beginning with obseivations on the late of reproduction of yeast cells he 
noticed that a constant amount of yeast fermented an approximateh 
constarU weight of sugar in unit time in aol Uw is of varjing co icentratwn 
the graph of his experiments was a straight line not a lo^aiithinic curve — 
indicating the change of regularly diminishing amounts in successive unit 
penods — such as was held to be expressive of the simile enzymic change 
conditioned by iiivertase on the basis of the exiienments made by CorneliU'< 
0 Sullivan and lompson published in 1890 Hence he was led to re examine 
the evidence adduced by these chemists in support of their view that the 
enzymic change was a mass action effect strictly comparable with the changes 
taking place m solutions of crystalloids— m other words that enzymic change 
took place in solution • 

He dealt with this subject in an exhaustive manner The conclusion 
arrived at was that during the earlier period of change as m fermentation 
the sugar is hydrolysed at a linear rate the amount converted being 
practically independent of the concentration of tlie solution m no way pro 
portional to it The rate of hydrolysis is much reduced by the addition of 
invert sugar that is to say of the products of change lactose except in very 
large proportion however has bttle effect 

These conclusions have been fully confirmed by later inqumes It may 
now be taken as established that ^nzymio action is effected at solid surfaces 
■Oomplete confirmation of this explanation has been given by recent observa 
tions on the action of a catalyst such as finely*divided metallic nickel in 
<tetennining the hydrogenation of the fatty oils. 
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Much of Adnan Brown’s woik was in critioism of Pasteur’s findings^ 
especially the great Frenchman’s conclusion that fermentation was life without 
air , he thought that he had proved the contrary He studied the effect of 
alcohol and found that it greatly retarded the reproductive growth of yeast , 
also the effect of carbon dioxide but came to the conclusion that, as it had no 
greater influence than hydrogen and as there was a much larger increase in 
presence of air, that the repression of growth was due to exclusion of oxygen 
He was, therefore, led to favour the conclusion that reproductive growth of the 
yeast cell under ordinary anaerobic conditions is determined by the amount 
of oxygen at the disposal of the organism piior to the commencement of 
repiod notion 

Recently, however, Slator, working in the laboratory of Messrs Bass and Co , 
has adduced proof that not only has carbon dioxide a greater mfluence 
than has been supposed on the activity of the yeast organism but also 
that oxygen is not requiied for reproductive growth of the cell — thereby 
upholding both a common opinion of carbon dioxide and Pasteur’s view as to 
oxygen being unnecessary 

It remains to consider what is undoubtedly his most lemarkable work — 
that on diffusion into the barley corn, noteworthy both on account of the 
beauty and delicacy of the method he developed and the significanoe of 
the results Having eyes to see as well as an inquiring mind, he was led to 
take special notice of the blue layer just below the skin m certain varieties 
of barley Desirous of finding out what happened, in the malting process,, 
when barley was steeped in water, as it is dunng the preparation of malt, 
also what would be the influence of impurities in the water, he first studied 
the behaviour of dry barley-corns in water and then in various solutions 
He saw that in blue barley he had a perfect mechanism for the quantitative 
study of diffusion phenomena The blue layer fui rushed the discriminating 
membrane , the finely granular mass of starch within the corn served to- 
attract water into the grain By placing a set of weighed corns in watei 
and at intervals removing them and detei mining the increase in weight, at 
various temperatures too the rate at which water entered was easily ascer 
tamed The variation in the rate at which it accumulates in the grain, as the 
temperature is raised was in agreement with that at which the vapour 
pressure of water rises when this is heated. 

A similar tale is told by solutions of most salts and of substances such aa 
the sugars — these all have vapour pressures lower than that of water and 
watei accumulates less rapidly in barley corns placed in these solutions than 
if they were m water, the rate depending on the concentration 

Solutions of the ordinary strong acids and alkalis also give up water 
to dry barley corns and become concentrated but no acid passes across- 
the disonminating membrane, the blue colour remains unchanged in all 
sound corns 

But weak acids, also weak alkalis, such as ammonia, readily pass through , 
moreover, the membrane is penetrable hj all chemically neutral substances- 



Adrian Broum 


IX 


at all soluble in water — such as acetic aoid and its homolognes, chloro- 
form, even hydrocarbons such as benzene These all pass into the com 
together with water and actually accelerate the passage ot watei into the 
grain It is no question of molecular size such molecules do not penetrate 
the membrane because of their smaller size on the contrary, butyric acid 
enters more rapidly than acetic and the alcohols of the ethyhc senes pass 
through the more rapidly the greater their moleculai weiglit so long as they 
are reasonably ‘•oluble in water 

Eventually an equilibrium is reached within the corn and the concentra- 
tion of the solution may become higher than in tlie lujuid outside it has 
even been observed, in the case of phenol and aniline that the internal 
solution IS “supersaturated” To take an example when the corns are 
saturated in a solution containing 50 per cent ot acetic acid the solution 
within contains 80 per cent of the acid — but this is the limit, no more passing 
in from stronger solutions 

Previous observers on the passage of such substances through living 
tissues have correlated their relative activity and their lethal power with 
the solubility in fata, and have postulated the existence of a lipoid layer 
at the tissue surfaces Adrian Brown’s observations justify us in putting 
aside all such fancy explanations— the correlation is of consequence only m so 
far as the solubility referred to of substances in oils and fats is usually the 
converse of their solubility in water 

A full discussion of the work Adrian Brown accomplished and its bearing 
on contemporary iiiquuies by the water is published in the ‘Journal of 
the Institute of Brewmg’ 1921, vol 27, pp 197 260 From the point of 
view advocated in the present notice, his exemplary career and achieve- 
ments merit most careful attention His genius lay not on the surface but 
was manifest in a continuity of effort which, in sum was lemaikably 
effective His work was an expression of himself it came from within 
but that he was induced if not forced, to display his genius ow mg to the 
influence of the conducive environment m which he was placed is probably 
a not unwarrantable conclusion Chamber music such ns the Bm tomans have 
discoursed so successfully might well and should be more cultnated not only 
in industry but in the new Umveisities even at Oxford 
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LOUIS COMPTON MIALL, 1842—1921 
Louia CoMPTO\ Muii was born at Bradford m the year 1842, and was the 
fifth living sou of a Congregational Munster, the Hev James Goodeve Miall 
His mothei was Elizabeth Synionds Mackenzie The teaching element was 
strong on both sides ot his family The Mialls had been schoolmasters and 
preachers for geneiations One of them, Moses Miall, had pnbbshed a book 
of PiaoUoal Pemarks on Education The Mackenzies weie also much given 
to schoolmastering and had come strongly under the influence of the 
Edgeworths, whose educational methods were firmly established in the 
family tradition Sir Morell Mackenzie and Edward Compton, the actor, 
weie first tousins of L C Miall on the Mackenzie side, and Edward Miall, 
M P for Bradford and Editor of the ‘ Non Conformist,’ was his father’s 
half bi other 

The Eev J G Miall was a man of varied attainments, and had a distinct 
gift for teacliing He b<>stowed much pains on the training of his children, 
tor he knew that they would have to hght their way in the world on their 
own resources He was very particular to train them in self-reliance to give 
them studious tastes and the power of expressing themselves well He had 
himself a beautiful speaking voice, which the children all inheiited m 
varying degree and he taught them to make the beet use of it 

L C Miall owed much also to his mother She, like her husband, had a 
pleasant voice and niannei and much charm of personality, and she had 
a power of holding her children s love and admiration which far exceeded 
his She was, above all things, deeply religious, but had so oouiteous and 
sunn} a disiwsition that religion, even the terrible early-Viotonan rehgion, 
could not make her gloomy 

Louis seems to have been an enterprising and high-spirited child, keen 
about games and mischief, and inclined to wander away from home on 
solitary expeditions He was sent first to a little school near his home, and 
later, w hen he was 9 years old, to Silcoates School, near Wakefield, then, as 
now, a boarding school for the sons of Non-Conformist Ministers 

At the time that he left school, L C Miall's interests were all classical 
and literar} He had learned little mathematics and no science, bat had 
shown himself good at essay wnting, and had stored his mind with fine 
passages from Shakespeare and the Latin poets He said in after life that 
he knew nothing of Natural History as a schoolboy, though he tried to make 
friends with a half-witted boy who could show him, as if by magic, all sorts 
of strange nests and creatures in places where no one else would see 
anythmg But even in those days he must have been unusually observant, 
for he tells in the “ Natural History of Aquatic Insects ” how he and his 
companions watched the dragon-fly escape fiom its pupa-case, and how they 
saw the larva, “ with its dingy colours, its forbidding shape, and its predatory 
habits . stretch out its great paw and secure an unsuspecting victim ” 
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In 1857 Louis Miall left school, a boy of hfteen but looking older, and 
already grave and dignified He had probably learnt all that Silcoates 
had to teach him, and hia father oould afford to spend no more upon his 
education, but recognised the lads ability and, being anxious to give him 
further opportunities to study hit upon a scheme that seemed promising 
from many points of view This was that Louis should keep a little 
day-school, with his fathers help and direction prospectuses for which 
were accordingly issued in Louis’s name A member of the congregation 
who much admired the minister aii<l knew something of his teaching 
capacity had already entrusted him with her sons education and othei 
pupils were soon found to make the nucleus of a small school The 
time-table was specially ai ranged so that Louis should have leisure for 
private study , his father apparently took a good deal of the teaching into 
his own hands, and his mother helped with the French, and, altogether, tlie 
plan seemed to work out very well It had its drawbacks, however the 
chief of which was that Louis had to study by himself foi though his 
father could help him with Latin and Greek, the boy had then no great 
inclination to continue his classical reading and was more interested in the 
new scientific subjects that were attracting the attention of the younger 
generation 

His eldest brother was a medical student at Fdmburgh and Louis often 
envied his opportunities Probably it was his example that induced Louis 
later on to take a course of anatomy at the Leeds School of Medicine It 
meant early rising every day to journey from Bradford to Leeds but the 
teaching was good and constituted the only training in science that he oould 
obtam 

Meanwhile he was working hard at /oology and geology, and joined a 
Botanical Society at Todmorden, making many friends who were interested m 
Natapal History and publishing papers in various periodicals One of these 
brought him the following letter from Charles Darwin — 

Down, Bromley, Kent 

Dka,B Sib, Januaiy 23, 1860 

I hope that you will excuse the liberty I take m writing to you and 
requesting a favour In the ‘ Annals of Nat Hist.,’ voL 16, p 39, you remark 
'* The variations of form in the maxilbe are of no value among the Fhalangida 
m affording generic oi speoiflo characters as with the true spiders ” Am I 
to understand from the latter part of sentence that with the individuals of 
the same undoubted species the maxiUas vary in form ? Is not tbs a very 
surprising fact ? Would you have the great kindness, if the fact be so, to give 
me some details on the amount and kind of variations and m what species 
And further would you permit me to quote any such facts on your authority ? 

With many apologies ior troubling you, I beg to remain, Dear Sir, 

Yours very faithfully, 

CHABtKS DaKWIK. 
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One wonders what answer was sent and whether Darwin was aware that 
his correspondent was a boy of eighteen 

A couple of years later appeared the llora of the West Riding by Miall 
and Carrington with an introduction by Louis Miall which he repented m 
later years for though it has merits it is written in a rather high down 
style and to publish a list of plants and their localities was quite contrary 
to his maturer teaching 

Besides the ditticulty of stn Ijing without teachers there was anotlier Iraw 
back to the life that he was leading at this time IIis father was strong willed 
and autocratic and Louis own strong will was frequently at variance with 
his in the management of the little school The }oung mans scientific 
studies and the spirit of the ago when Darwin and Huxley were fighting fur 
freedom of belief soon brought religious disagreement into the family circle 
and Louis change of faith was a great grief to his parents It hit his father 
on all sides us parent schoolmaster anl minister and ho felt it very bitteily 
Altogether the life was iieithei happ) uoi hopeful and the young man decided 
that it could not continue He would find work elsewhere and eventually 
he took a post as assistant uiastei in a school kept by Mr George Todd at 
Stamford Hill near London 

Towards the en 1 of the second year there the situation was changed by 
a letter from his brother Philip telling him that a Philosophical Sooiet} 
was being started m Bradford and that Philip was commissioned to write 
and offer him the post of Secretary to the Society with a salary of £100 a 
year This was just what he wanted He wrote an immediate acceptance 
and gave notice to leave the school at the earliest moment possible 

This was the turning point m Louis Miall s career After six or seven 
years of giadually mcreasing darkness and discouragement the horuon 
cleared and henceforth he advanced without faltering When he returned 
to Bradford he was very raw and inexperienced and had little idea what to 
make of his new task The farst thmg he had to do was to arrange a 
course of lectures under the guidance of the Committee who soon left all 
the correspondence in his hands An interesting course of lectures was 
given between 1866 and 1871 among others by Owen Huxley and Bolleston 
who thus came into personal contact with the Secretary of the Bradford 
Philosophical Society 

Another thing to which the Secretary had to turn his attention was the 
makmg of a museum from a collection of objects mostly given by people 
who wanted to get nd of them He finally decided that the only thing he 
could do was to make a collection of geological specimens for which thb 
neighbourhood offered unusual facilities He prepared a report to the 
Committee in which be offered to collect what he could from the coalfields 
and limestone districts within reach For some years it was his delightful 
hobby to explore the district of Craven to study its geology and to 
collect its fossils A frequent companion of his on these rambles was 
John Brigg afterwards Sir John Bngg MP for Keighley a member of his 
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Committee, who took a great interest in the young Secretary and influenced 
him m many ways 

In the course of these excursions qiute a lespectable collection of fossils 
-and geological specimens was made for the Bradford Museum Then a great 
piece of luck befel the Curator One day there came into his office a coal 
miner bnnging some curious bones that he had found in the Low Moor coal 
mine Miall went to see them himself next day going down a coal mine foi 
the first time in his hfo He was shown the bones on the roof of a passage 
in the works and lealised that they would require very careful tieatinent if 
they were to be removed without injury So it was decided to apply a 
layer of plaster of Pans to protect the bones and then to have the coal 
carefully worked away, a prop being placed to support the fragments colored 
with plaster The bones were removed in perfect condition except for those 
that had already been broken off The block lemoved was 11 feet long and 
a couple of feet wide Investigations proved that the bones belonged to a 
Labyrinthodont of a species that was hitherto unknown On the suggestion 
of the Committee Miall wrote to Piof Huxley and offered to take the 
fossil to London and show it to him Huxley sent an encouraging reply, the 
fossil was caiefully packed in a wooden case and taken to London, where it 
was examined with much interest by Prof Hnxley and Piof Flower 
Huxley undertook to write a description of it for the Geological Society and 
asked Miall to prepare a short account of its discoiery and removal from the 
coal pune At the next meeting of the Geological Society, Miall lead bis 
paper and Huxley gave a simple and interesting account of the new 
Labyrinthodont without notes, explaining it from the specimen as he went 
along Sir Charles Lyell was present and seemed to be much interested 

When Miall returned to Bradford and gave the Committee of the 
Philosophical Society a vivid account of what hatl passed they asked him to 
repeat the story m the form of a lecture to the Society It was his first 
public lecture After spending a good deal ot time trying to write it out 
he resolved to follow Huxley’s example and speak without notes explaining 
the actual specunen before the audience There was a good attendance, foi 
the matter had aroused interest in Bradford, and the lecture went off very 
well That was the beginning ot Miall’s career as a public lecturer After 
that we find him giving courses of Lectures in Bradford and Leeds mostly on 
Geology, but also on Botany and the " Early History of Domestic Animals " 

Though very shy and studious, Miall seems to have entered somewhat 
into the social hfe of Bradford, which happened to be unusually interesting 
at that time He was fond of music, and mdeed had studied it in his usual 
way by sheer force of will and without a teacher, so that he had written 
songs foi hu sister and could play to some extent on two or three instruments 
He also had a good deal of talent for painting He brought back from a cruise 
in the Hebrides in 1868 sketches' from which he made some clever little 
water-dolour pictures, that still hang beside one or two of hia father’s m 
homes of a younger generation 
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At Bradford he met his future wife, Emily Pearoe to whom he was married 
in 1870 Though not scientific, her intellectual and social gifts were, m some 
directions at least, equal to his own 

in 1871 L C Miall was appointed Curator to the Leeds Philosophical and 
Literaiy Society He had already delivered a course of lectures on geology to^ 
the Society and was known to several influential people in Leeds He must 
have had Huxley’s suppoit, too, in his application for among his letters of 
congratulation on obtaining the post was one from Huxley, in which he 
characteristically remarks that it would be a matter of groat satisfaction to 
him to think that he had in any way contributed “ to the putting of an indu- 
bitably square man into the square hole at Leeds ” 

His interests at this time were mainly geological, and he devoted himself to 
the collection of fossils in the Leeds Museum with the same enthusiasm that 
he had given to the geological collection at Bradfoid He was helped in its 
re-arrangetnent by Pengelly, Boyd Dawkins, and others Later much help 
and many specimens were given by A H Green When it was re arranged, 
he wrote a guide to the collection, in the same way he re-arranged the 
different oollections of birds, insects antiquities and so forth and wrote a 
guide to each in which he set forth clearly the general principles of the 
various subjects 

Since 1869 Miall had been busy with the investigation of the new 
Labynnthodont that had been found in the Low Moor coal mine The task 
proved more difficult than he had expected He was Secretary of the 
Geological Section of the British Association at Edinburgh in 1871, and a 
Committee was then formed, consisting of Phillips, Woodward, John Brigg, 
and three others, with Miall as Secretary, to investigate and compare all the 
known species of Labynnthodont It happened that the followmg summer 
John Bngg and his fnend, Swire Smith (Sir Swire Smith whose life has been 
wntten under the title of ‘The Master Spmner') decided to go to Germany 
to look into the German system of education and see for themselves how far 
such a system would be possible in industnal England They mvited Miall 
to join them, so that he and John Bngg oould combine the investigation of 
Labynnthodonts with the educational work, all three bemg in fact interested 
in both subjects. 

They had an instructive tour, and the following year (1873), when the 
British Association met at Bradford, Miall read the report of the Committee 
on Labynnthodonts The work had been very thorough "Some of the 
members have personally examined all the more important Labynnthodonta 
in European collections, including at least one example of every species 
recorded from the British Isles” The report created much mterest and 
brought Miall into general notice for the first time 

Miall was now beginning to concentrate bis attention on Biology He 
declined the Professorship of Geology at the newly opened Yorkshire College 
m favour of A. H Green, a much stronger geologist than be felt himself to be, 
and henceforth hia interest in geology began to wane. He never cared greatly 
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for mere collection and the mmnte characteristics of the shells in which 
animals had lived He coUaboiated with A H Green Thorpe, Kucker and 
Marshall in a work on ‘ Coal, its History and Uses,’ published in 1878 but 
his serious interest in geology and palaeontology ended about the year 1880 
He never studied petrology, without which much of the recent work cannot 
be appreciated 

When Miall refused the Vrofessorship of Geologj the Council of the 
Yorkahue College still wished to secure him upon its staff and appointed lum 
the following year (1875) lecturer in Biology, a post which he held concur 
rently with his curatorship of the Museum In 1876 he was made Piofessor 
of Biology Many of his lectures were given in the library of the 
Philosophical Societ}, for the Yorkshire College had little accommodation 
while there was room and a store of material at the Museum The professors 
of the Yorkshire College frequently gave lectures to the Philosophical 
Society and sat on its Council Botli institutious worked in conjunction with 
the Leeds School of Medicine, which required courses of Botany and Zoology 
for its studenta 

It was in the yard of the Medical School that Miall dissected the Indian 
elephant which chance gave into lus hands A shed was built over the 
animal, and there he worked through the cold winter of 1874-6, helped by 
h Greenv ood Curator of the Medical School The memoir on the ‘ Anatomy 
of the Indian Elephant ” appeared in 1879, and was the second of a senes of 
studies in comparative anatomy The first of the series was the Skull of 
the Crocodile,” which appeared in 1878, and the third was the ' Structui'e 
and Life History of the Cockroach (1886) There the scries ended 
abruptly, for though a short account of Megalichthys, a ganoid fish of the 
Coal Measures, was published in 1885 the fourth book of the series which 
was to have dealt with that topic, was never wntten The author had 
given so much time to the Cockroach, and had become so deeply interested 
in It, that all other lesearch had to give way to the structure and hfe- 
histones of insects, which occupied him as long as he had vigour and 
eyesight for the work 

The book on the Cockroach published in conjunction with Alfred Denny, 
was by far the most important piece of work that Miall had done so far It 
represented several jears of study, begun in the Museum of the Philosopbiral 
Society, and earned on at the Yorkshire College and at his own home It 
lias since been recogmsed as marking an epoch in the study of insects in this 
country In reading up the subject as a prelimmary to further research he 
had b^ome acquainted with the work of the old naturahsts Malpighi, 
Swammerdam, Lyonnet and Straua-Durchoim He found them so fascinating 
that the first chapter in the “ Cockroach " is devoted to them, and the whole 
book IS an exposition* of their teacbmg — a very lucid account of insect 
structure and development. Its ‘value was immediately recognised by 
Prof Huxley who congratulated Miall on the book 

The “Cockroach” appeared in 1886 In 1887 we find its author already 
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occupied with another insect Chironomus, the Harlequin Fly This was 
chosen because of its abundance nearly all through the year, its trans- 
parency (in contiast to the Cockroach), and the ease with which it can be 
reared Besides which he says Chironomus, in its various stages has 
a very special biological interest His attention was concentrated upon it 
for several years The “ Structure and Life-History of the Hailequin Fly," 
by Miall and A R Hammond did not appear till 1900, though most of the 
work was done by 1892 

Soon after he began work on Chironomus, Miall visited Leyden to consult 
some books there Every letter of tins period has some reference to 
Chironomus, and we even find him ‘ reading Dutch for the sake of 
Chironomus”, but, neveitheless, he found time to write on educational 
topics in the ‘ Journal of Education ’ and to devise " Object Lessons from 
Nature,” which appeared m book form in 1891 

Nature study had not at that time become a universal subject of school 
teaching, but object lessons were given habitually by many teachers The 
“ Object Lessons from Nature ’ were intended to emphasise the value of 
natural history in fuinishing object lessons tor children In 1878, a course 
of nature object lessons to children had been given at the Museum of the 
Philosophical Society, under his direction, so that the idea was not a new 
one to him 

A natural development of this was the Saturday morning class for teachers 
which WM so valuable a feature of the Biological Department for many years. 
The school masters and mistresses came at first with the idea of getting up a 
few object lessons for their schools, but eventually many of them came year 
after year from love of the work, and were the most enthusiastic students that 
attended the Department It was a considerable tax on the energy of the 
staff, and Miall was fortunate in having the hearty co-operation of all 
concerned A further extension of this work with teachers took the form of 
three summer courses in nature study given in 1901 and the two following 
years, at Berwick, Rothbury, and Hexham Here, again, he had the help of 
bis staff, and all looked back with pleasure on the expenence 

The investigation of Chironomus led to that of aquatic insects in general, 
and, in 1891, Miall gave one of the public lectures to the British Association 
at Cardiff on “ Some Difficulties in the Life of Aquatic Insects,” treating 
specially their means of overcoming the surface tension of water He also 
read a paper on floating leaves in connection with the same difficulty A 
piece of work on Transformation of Insects which appeared in “ Nature " in 
1895, was also a product of the Chironomus investigation, and that year, five 
years before the book on the Harlequin Fly was ready, Miall completed the 
“ Natural History of Aquatic Insects," a semi populaf book on the subjects 
that he was studying As in the " Cockroach,” he draws attention to the work 
of “ certain old zoologists — Swammerdam, R4aumur, Lyonnet, and De Geer — 
who are at present unjustly neglected” "Some passages m this book,” he 
says, “ if taken alone and read hastily, may appear to disparage systematic 
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zoology This 13 far from my intention No one can study the great 
naturalists of the seventeenth and eighteenth centuries without feeling how 
seriously their work is impaiied by the defective systems of the time It is 
not systematic but aimless work that I deprecate — work that springs from 
no real curiosity about nature and attempts to answer no scientific questions 
The book was illustrated by A R Hammond, who colUboiated with Miall in 
the production of the Harlequin Fly, and made most of the beautiful 
illustrations for that work also 

In 1892 Miall s many preoccupations obliged him to give up the Curator- 
ship of the Philosophical Society though he still continued to serve on its 
council About this time he loft Leeds and went with his wife to live at 
Ilkley as their children were all scattered for the moment He subsequently 
took a house at Ben Bhydding where he wrote Round the Year a senes of 
nature studies, in some respects the most memorable book that has appeared 
from his pen He was by this time 64 and henceforward undertook no new 
work that involved much close microscopic investigation, such as he had given 
to the Cockroach and the Harlequin Fly but devoted himself rather to general 
topics of natural history and to educational work Itound the Year may 
almost be regarded as a piece of literature it has been compared with 
Gilbert Whites Letters and was written in the sapie spirit not as work, but 
as a pleasant relaxation m the twilight of a busy day It led to the study of 
Gilbert White, and to the preparation of a new edition of the Natural History 
qf Selbome in conjunction with Dr W Warde Fowler It was followed, m 
1904 by another book of the same kind House Garden and Field, which 
has not quite the freshness of Round the Ycai and was meant partly to 
satisfy the teachers who were clamouring for more object lessons The author 
tliought It would be better if they made their own lessons and that nature 
study could not be taught effectively by those who lacked time or inclination 
to do so, but he was quite willing to suggest topics for those who cared to 
develop them 

In 1897 appeared “ Thirty Years of Teaching, ’ which embodies his expenenoe 
in various kinds of teaching, including the education of bis own children Agood 
deal of it had been printed in the "Journal of Education,” and was written m 
the tram going to and from Leeds The most important feature of the book 
IS the me^od of treating University or College students which it advocates — 
a method not indeed new, except as applied to them 

When the British Assooiation met in Toronto in 1896, Miall was President 
of Section D His address to the section was an eloquent plea for studying 
lyfe, the modes of growth of individuals and races, the causes of decay and 
extinction, and the adaptation of living organisms to their surroundmgs The 
ammalH get before the young zoologist are all dead , it is muoh if they are not 
pickled as well," he complains, and ho asks why we study animals at aU, 
giving various answers to the question, but ending " to know more of life is 
an aim as nearly ultimate and self-explanatory as any purpose that man can 
entertain ’’ Furthermore he urges the historical method of treating vanous 
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biolc^cal subjects and shows how much keener interest can be aroused in 
such a topic as the Alternation of Generations by finding out step hy step 
how it was discovered and shanng the discoverer s own enthusiasm than bj 
taking it as a mass of cut and dried facts 

Aftei spending half a dozen very pleasant years at Ben Ehydding Mialf 
moved back to Leeds jartly for the convenience of the two sons who were 
then at home again and he remained m Headingley till he gave up his 
Professorship in 1907 The last years in Leeds were much occupied with 
methods of teaching and lie now attended the new Education Section of the 
British Associ ition when he happened to be present at the meetings In 
1903 he was chairman of a committee to report on the teaching of Botany 

In 1902 appeared a volume on Injuiious and Useful Insects an excursion 
into economic entomology which he felt to bo an important field of investiga 
tion needing especially complete life histones of insects to make it valuable 
No doubt the mam idea was right and lias since been followed up with good 
results but Miall was not liimself in close enough touch with agriculture to 
make the book altogether a success from the economic point of view The 
life histones of insects that it contains are however still useful to economic 
entomologists 

At the inauguration of the University of Leeds in 1904 Miall was given 
the Honorary Degree of D Sc the only academic distinction that he ever 
attained That year and the year following he had the honour of holding the 
Fullenaii Professorship at the Royal Institution At that time also he was 
asked to serve on the Council of the Royal Society but unwillingly declined 
as he had already so much on liand 

In 1908 after his retiiement to Letchworth he was President of the 
Education Section at the British Association m Dublin and that was the last 
meeting that he was able to attend on account of increasmg deafness 
Many activities had to be given up for the same reason but he was still able 
to carry on individual teaching Irom his wife who was as keen an 
educationist m himself he had learnt the direct method of teaching modem 
languages and applied it in a way of his own to the teaching of Latin writing 
out a senes of oral lessons and learnmg when over seventy, to speak Latin 
fluently vnth the modem pronunciation Since his school days he had 
never altogether neglected his classical studies and though he sold most of 
his books when he left Leeds he had kept such Latin and Greek authors as 
he happened to possess 

It might be noted here that all his life he loved books and was mterested 
in the care and binding of them He was for many years Hon Librarian 
of the Yorkshire College The only half disparaging remark he was known 
to make about Charles Dai win referred to the ruthless way he treated books 

Writing was an occnjiation that he maintained to the end of his life 
The first book that he wrote at Letchworth was the History of Biology a 
clear and illuminating rdaum4 of the subject that led to the more important 
work on the Early Naturalists (1630-1789) It begins with an intro- 
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ductory chapter on Natural Historj down to the 16th century and consists 
mostly of biographical sketches of the old naturalists he loved so well, but 
there are also digressions on The Natural Histoiy of Other Lands and the 
Investigation of the Puss Moth and of the I lower Of this book Dr Warde 
•Fowler remarks “He fairly astonished me after a visit here at Kingham, 
by sending me as a gift the five splendid volumes on insects of Ei^aumur, 
and later on his own book on the ‘ harly Naturalists one as great a treasure 
as the other, for his own beautiful English was as clear and enjoyable as 
Ei^aumur’s French ’ 

Miall’s great force lay in his absolute sincerity Though he could wiite 
well, and even brilliantly he never wrote for effect Everything that he 
published represented all the careful research and investigation that the 
subject demanded His first attempts at solving a problem were usually 
wrong, he tells us, and in legaid to one of his later books he says that 
every time he looked up a fact in the British Museum he found two 
fresh ones that required investigation lortunitely, ho adds, ‘I am not 
pressed for time ’’ 

“ The Early Naturalists ' was the la'<t book he published He spent 
some years on " A History of Garden Ciaft which was ready for publica- 
tion when the war broke out in 1914, but was then put aside and after 
that he wrote no more books He wrote an occasional paper carried on a 
correspondence (sometimes in French) with one of his brothers, and made 
letter-writing rather a hobby Gardening had long been a hobby of his 
and he had given a good deal of attention to the laying out of his new garden 
at Letohworth 

On the death of his wife in 1918 mj fatlier came back to his favourite 
haunts in Ben Ehydding and remained there till his last illness He died on 
February 2l8t, 1921, at our house m Leeds By his own wish there was no 
religious service at his funeral, a few words of farewell being spoken by his 
fnend. Prof Smithells, in the presence of a small gathering of relatives, old 
friends and colleagues Nei ertheless, the religious enthusiasm which inspired 
his early manhood had never altogether left him, his attitude to life and the 
unknown was always reverent, and the influenco he exerted on those among 
whom he woiked was spiritual as well as intellectual 
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G. S. Bradt, M.D., M.R.OS., D.Sc, LLD, FRS, C.M.ZS, Profeaaor of 
Natural History, Armstrong College, Newcastle-upon-Tyne, and Consulting 
Physician to the Sunderland Infirmary, was born, he told me, April 18th, 
1832. Presumably also on his authority we learn that the event occurred 
at Gateshead, and that he was the eldest son of Henry Brady, surgeon. 

As his childish education began at the Friends’ School, Ackworth, it is not 
improbable that he owed the name Stewardson to his parents’ acquaintance 
with the Quaker family which gave the popular portrait-pninter of that name 
to the early part of the nineteenth century. Certainly the whole tenor of . 
Brady’s life seems to have been in tune with the principles of that peace- 
loving community, and even on the scientific side there are many indications 
that friendship was his delight. It has been already explained in ‘ Nature ’ 
(January 5th, 1922), among other details, that he b^nie a member of the 
Tyneside Naturalists’ Field Club in 1849. At that early period it is said that 
his interest was "with algse and other plant groups.” Much later on he 
referred to these studies when pointing out in correspondence (November, 
1902), that the oiganisnois which I had described as gland-cells in tbeamphipod 
genus Urothoe, were, in fact, " parasites, probably algas.” 

With the Natural History Society of Northumberland, Durham, and 
Newcastle-upon-Tyne, of which the Tyneside Field Club was a branch, Brady 
had a long and distinguished connexion, both as a frequent contributor to its 
‘ Transactions,’ and twice President of the Field Club. The respect felt for him 
by fellow- workers in systematic zoology may be partially traced by the use of 
his name m classification. Thus among Copepoda Axel, Boeck names a genus 
Bradya in 1872, Thomas Scott supplies Neohradya in 1892, Giesbrecht 
BradypotUxus in 1896, and Bradytdtus in 1897, VanhoETen Bradyanua in the 
same year, and G. O. Sars Paevdobradya in 1904. Sars had named a genus 
Bradyeinetua in 1865 But this suggests a carious need for caution in that 
. many generic names owe the commencing syllables Brady-, not to eminent 
zoologists, but to the Greek /9/>a8(;, indicating some organic slowness, and 
very inappropriate to the scientific activities of Gteorge Brady and his 
brother Henry. For the use of the former’s name in identifying species, his 
friend A. M. Norman led the way with the Ostracode Gyihtft't Bradvi in 1864. 
But this, for technical reasons, gave way to another species, the Marquis de 
Folia’s Cythere Bradii in 1869. Norman, in 1878, named a Copepod 
Otrvinia Bradyi, Sars in 1884 another of that group Ondinopaia Bradyi, and 
Thomas Scott a third in 1892 as Tttrayonicefa Bradyi, but this, later on, he 
found reason to place in a new genus with the long-flowing name of 
Phyllopodopayllua, strictly meaning " a leaf-footed flea,” the species being 
notoble for " tlie large size and leaf-like form of the fifth pair of thoracic feet 
of the female.” In a footnote to Tetragonicepa Bradyi, Dr. Thomas Scott 
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remarks, tlie name is given in compliment to Prof G S Brady, wli« 
instituted the genus, and to whose untiring and disinterested kindness the 
author of these notes owes much of his success in the study of the Entomo- 
straca." In 1879 Dr Norman again pays his friend the compliment of using 
his name for a species, this tune in the eccentric group of the Sympoda to 
which he adds the description of Thattylu Bradyi 

In the previous year the Ray Society had published the first volume of 
Brady’s ‘ Monograph of the free and semi-parasitic Copepoda of the British 
Islands” As the uninitiated may be excused for wondering why men of 
ability should spend a considerable part of their lives in studying creatures 
so insignificant m size and so generally harmless to mankind, as the Into- 
mostraca, it may be observed that, as in old Camden s phrase ‘ many a 
little makes a mickle,” and as little grams of sand may make a mountain, 
so the stupendous multitudes in which some of the entomostracan species 
occur make them indirectly yet ultimately important contributors to human 
food and comtoit But, apart from economic I’alues, the true lover of nature 
finds in this seemingly trivial study more than one source of aesthetic 
fasoiuation In the introduction to Brady’s last-mentioned work he says — 
' Some of the pleasantest and most profitable hours which I have ever 
spent have been when, after a day’s dredging, I have sot out at sunset on 
a quiet boating excursion for the purpose of capturing such prey as could 
be got in the surface net Many hours of this kind, spent in the company 
of my old friend Mr David RoWtson, amongst the Scilly Islands on the 
Firth of Clyde, on the sheltered bays of Rouiidstone and Westport or on 
the stormier coasts of Northumbria, will long live in my memory, not only 
by their results in the acquisition of valuable specimens, but as times of 
unalloyed delight in the contemplation of nature under a different guise from 
that in which we usually see her ’ The David Robertson to whom he here 
alludes, otherwise known as ' the Naturalist of Cum brae ' (see his ' Life by 
hiB Friend,' 1891), began a notable career as a penniless herdboy and ended it 
an Hon LLD of Glasgow University 
In the bibliography to his luminous work on the Ostracoda of the Bay 
of Naples and the adjacent seas (1894), G W Mhller enumerates twenty 
one contnbutions by Brady to this branch of Caroinology together with 
seven others m which his was the leading name in a collaboration Five 
of these were undertaken with David Robertson, one with Norman, and one 
with CroBskey and Robertson ti^ether Wlien the first volume of the 
“Challenger" Repoits on Zoology was pubhshed m 1880 under the editorship 
of Sir C Wyville-Thomson, Brady was already a recognised authority on 
the Ostracoda. He was among those specially consulted as to the disposal 
of the vast “ Challenger ” material and his was the third memoir to appear It 
waa illustrated by forty four quarto plates For the oompai alive fewness of new 
species he explains that the “ work of the ‘ Challenger ’ gave us no collections 
whatever from between tide marks, nor from the laminanan zone, and these 
two cones usually swarm with microzoiq hfe of all kinds ” A later work of much 
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importance was that which he earned out in partnership wiLli Canon Norman 
on The Maiino and Freshwater Ostincodr of the Noith Atlantic and of 
Ncrth Westein tnrope the first pait apjeaung in 1889 the second in 1896 
In tins he gives a signal example f his scientihc ingenuity whicli is woithy 
of additional record He points out (p 622) that In consequence of the 
small Biiie of Ostracoda it is extremely difhculty to procuie split preset ved 
specimens from the deep sea and althiiigh the Afyodotoia being muth lir„ei 
than the Podocopa would be detected by the experienced eye of a Caicino 
legist who had studud them yet the Zoologists usually attached to Govern 
ment Expeditions cannot be expected thus to notici them Hence it is that 
in a large numbci of eases the only examples which have come into oui 
hands aie such as have bien picked out of dried material It stnick us that 
notwitstanding their dried condition it might yet be possible by maceration 
to get some idea of the withered inmates of the shells Wo tliereh re male 
experiments and succeeded in restoring the animals beyond oui most aident 
exploitations All the portions of the animals figured [iii seveial genera and 
species mentioned] have been taken from dissections of animals which have 
been pieseived m a dried state for very many in one case as long as twenty 
three years and we are satified that these drawings will le tound to be 
almost as exact so far as they go as those taken from s[ irit preset ved 
exaruides 

In 1884 when the editing of the Challengei Jtepoits had passed into the 
vigorous hands of John Murray the eighth volume of Zoologyappeared having 
as its opening tieatise Brady a Kepoit on the Lopepoda illustrated by fiftj five 
carefully drawn plates Though the collection thus laboiiously discussed 
presented many pioints of interest Biady was forced to admit that it was fai 
from lepresentative of what the oceans lesouicts were likely to contain and 
that the last word had not been said as to methods of preserving these 
organisms In his Introduction ho makes some remarks wl ich bear on a 
subject previously mentioned — Tlie ap pieaianco of these minute creatures at 
the surface depends upon coiiditiins the nature of which we scaicely at all 
uudei stand Night m the whole seems to be more favourable than daytime 
but even during tho day they sometimes apipear in number'! so vast as to 
coloui the sea in wide bands for distances of many miles This appearance 
has been noticed perhaps most frequently in the tropics , but even in the 
Arctic seas some species especially Calanus {Cetochilus) jinmai chu us are at 
times so abundant as to constitute it is said a most important item in the 
food of the whale So far indeed as xiumber and size of individuals are 
concerned it would appear that the cold water of the Arctic and Antarctic 
seas are even more favourable to the grow th of Copepoda than the warmer 
seas of the Tropics 

With his fiequent and arduous contributions to scientific literature Brady 
combined from 1857 till about 1890 the conscientious exercise ol an exacting 
profession, practising as a doctor in Sunderland, ‘and after that gave up his 
time to his professorship at the Armstrong College until he resigned in 1906 
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ami cauio to hve in Sheftield” ITis prolessoiship he had liold bince 

'1875 He in.iined in 1859 and had one son and throe diughteis, losing his 
wife ten yeaia and Ins son one jear befoie his own diatli Two of Ins 
daughteis arc mairied to moinVieis of his own piofessioii, one to l>r ( harles 
Atkin of Sheffield and another to Dr It S Hubberstyot Suudeiland tlio third 
remaining with lier fathei to the close of liis days He died on Christinas 
evening, 1921 Till the last yeai of what he himself desciibcd as his long 
and happy life, he had never leahscd that he was old Apait from science 
his amusenieiits had all been of a trannuil kind — gardening, photogia[)li} , and 
the game of bowls A friend, who had lieen reading over many of his 
writings tells his daughter that “ Dominating all is the intense love he had 
for nature, leligion, and poetrv ” Another friend, wlio often walked with him, 
tells her of the enjoyment derived ftoni the humour, instruction, and high 
tone ot his conversation A long correspondeuco is in hannony with these 
touches of character 

A htter from Sheflield, dated June, 1915, shows him at eighty-three, away 
from necessary books, reluctant to imdeitake fiesh work ot importance, jet 
unable to be disobliging He oxpluins that he had declined an invitation to 
desciibe tlie Ost)acoda and Ctytepuda collected by the Australasian Antarctic 
Expedition, 1911-1914, undei Sii Douglas Mawson, lint that the inateiial had 
uevuthelesa bci ii sent biui, with further pressure Now the Scieiitifac 
Kecords of that Expedition show that m Senes C the fiftli volume contains 
mouograplis on the Copepoda, the Vladoieiu, and Halort/pudcr, by G S Brady 
A hne fiiiisli ' 
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FRANCIS ARniUR HAINBRIDGE, 1874-1921 

In tho (loath of Fraucia Arthur Bainhridge, at the eaily age of 47 years. 
Physiology has lost an enthusiastic and successful investigator and a teacher 
of ability and influence He was elected to tho fellowship of tho Royal 
Society in 1919, and it was but a few months later that ho showed the fust 
definite signs of the ill-health which culminated in a biief, acute illiies‘3, and 
death on Octoboi 27, 1921 

Bainbridge enteied tho l^eys School with a scholarship in 1888, and 
passed from there m 1898 with an entiance exhibition to Trinity College, 
Cambridge, of which foundation he subsequently became a major scholar 
Hifl student career was on normal lines for a man of his ability and studious 
habit, but, on fiiiifahiiig the Natural Sciences Tripos, m both parts of which he 
was placed in tin hrst class, he left Cambridge for St Bartholomews 
Hospital, shaping his course with a view to the practice of medicine After 
qualification, he held several minor appomtments in physiology and pathology, 
while waiting for opportunities of aiivanco in the career which ho had then 
chosen , but his natural bent was already obvious, in the devotion of the 
time which he could spare from his ofhtial duties to research in physiology, 
which he carried on in the physiological laboratory at Umversity College 

In this period he made a senes of investigations into the mechanism of 
lymph-formation, which brought clearly into view the influence of activity 
in gland cells on tlie outpouring of lymph from the blood-vessels of the 
gland lliese and other phenomtna ot lymph-formation, which some had 
regarded as indicating a piocess of active secretion by the capillary endo- 
theUum, he brought into harmony with Stalling’s simpler physical con- 
ception, producing ingenious experimental evidence in support of that point 
of view Ho became acti\e also in the new field of investigation opened up 
by Bayliss and btarhngs discovery of Secretin which was made at this time 
Bainbiidge, however unable as yet to give to physiology an undivided 
allegiance had neithei the time nor the impulse to acquiie that full commEind 
of specialised technique and experience needed for an essentially biochemical 
investigation When eventually, in 1906, he abandoned the idea of medical 
practice it was to accept the Gordon Lectureship on Pathology at Guy’s 
Here, with A P Beddard, he began a senes of elegant experiments on the 
secretion of unne by the frog's kidney, which ho resumed on his return to 
physiology in later years With Beddard also he effected a useful revision of 
then cuirent views as to the meaning of the sequelte of paitial nephrectomy. 

Bainbndge left Guy’s m 1907, and wandering for some years yet fuither 
fiom physiology, was responsible, at the Lister Institute, foi valuable 
contributions to the study and classification of the paratyphoid and food- 
poiHoning group of bacilli This work formed later the basis of his Milroy 
I e^tiires to the Royal Gollege of Physicians 
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It would seem that up to this peind Bainbiil^c hal so divided his aims 
and his uiterests tliat onlookers found it difficult to ^lace 1 irn 11 e few who 
knew him intimately felt that Ins w irtli and ability had jet to win a full 
and general appreciation AMien the intermittent ni annei of its accomplish 
mentis lemembcred it appears that his output in ihvsKlogy was already 
reniaikable but he had never yet been in a position to legard it as his 
life nork and his sound contiilmtions to other branches f medical science 
seemed with ininy to wcAken riithei than strengthen his claim an 1 his 
promise as a physiologist 

It was not till 1911 that his ehetnn to the Chin of Ihysv logy of Durham 
University m Newcastle dialled Bainhn Igo at length to devote himself 
whole heaitedly to the line ot woik which most truly held his interest and 
for which he felt himsclt lest htud by eaily ti iniin„ and natural aptitude 
His department soon attained a high standard of eftw lency in the training 
of students and ho resumed with the late J A Menzits liis experiments on 
the frog 8 kidney Later he entered upon the senes of investigations on the 
adjustment of the heait beat to the demands of muscular exercise which 
will probably rank as Ins most important and permanent contribution to 
Science With Men7ies also he wrote what has become one of the most 
popular and useful of the shorter text books of physiology for medical 
students 

When war broke out in 1914 Bainbndge took a commission in the 
R A M C and doubled the duties of his Newcastle Chair with those ol 
Medical Officer at a neighbouring mihtaiy hospital In 1915 be was 
appointed to the Chair of Physiology at his old hospital St Bartholomew s 
in London and combined the duties of this new Chair with those of an 
officer 111 the Anti gas Service experimenting at Millbank or touring the 
country as a training officer m defensne measures Though he was active 
and even rather athletic by inclination his constitution was never really 
robust and was not fitted for this unremitting overwork The growing 
demands of his teaching necessitated the resignation of his commission and, 
during the period of moderate health remaining to him he found time to 
complete a monograph on The Physiology of Muscular Lxercise which 
was published at the end of 1919 and was received with general appreciatun 
by physiologists and others interested in its subject It was indeed in 
many ways a model of what such a survey of knowleilge should bo and the 
best proof which Bainbndge has left of one aspect of his ability The 
presentation was clear and logical and it showed a sound instinct for 
essentials in a subject of which the mam outlines have too often bten 
obscured by controversy concerning details The note of personal contact 
with the problem was clearly heard but not unduly emphasised and the 
monograph was generally recognised as a sound and sch daily achievement 

To those who had known Bainbndge long it seemed that he changed far 
less than most men do In later years the circle of his friendship widened 
greatly but the associations formed in the early dajs always had first place 
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in hi8 regard Siinilaily, his experience and his influence widened , but 
those who had the privilege of intimacy with him found that his tastes and 
convictions, his fundamental attitude to life, changed remaikably little from 
those of his student-da} s It may be that a rather prematurely cautious 
and reticent habit of mind had hampered his eailier career 

His stature was small, his manner quiet and unimpressive, and be had no 
groat natural gift of vividness oi eloquence in piibhc speaking, though he 
became a clear and effective lectuier to students These things, with his 
hesitation m committing himself definitely to the work for which he was beet 
adapted, rather delayed the recognition which was only beginning to come to 
him in proper measure when he died With health and opportunity, he would 
have carried much faithei the work that he had begun 

Bainbridge married m 1905, and, to those who knew him well, the thought 
of his wife’s bra\e and buoyant comradeship through times of hesitation and 
disappointment of success and recognition, and, finally, of stubborn fight 
against ill health, is insepaiable from his memory His widow, his sisters, 
and his young daughter will have, in their sail loss, the sympathy of all who 
knew him, and especially of that smaller gioup, who, through }ear8 of 
intimacy, had rume to know and to prize the steadfast affection, the quiet 
but unwaveiing loyalty to ideals and convictions, which were outstanding 
features of a fine character 
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AUGUSTUS DfiSIRfi WALLER 1856-1922 

It was with tlie greatest surprise and deepest regret that his numerous friends 
heard of the sudden death of Prof Waller a few weeks ago He was ill for 
only twelve days , he had a slight stioko, from which his medical attendants 
thought he would fully recover hut othei and severer hemorrhages followed 
and he passed quietly away on March 11th 

He was born on Tuly 12th 1856 so that at his death he was in his sixty- 
sixth year. He was m full Mgour and no one would have expected from his 
energy both mental and bodily, that the end would come so soon 

He was the only child of Hr Augustus Volney Waller FRS, and like 
his father ho became famous in physiology His father s name in adjectival 
form 18 familiar throughout the world and bis discoverj of what is now 
called “Walleiian degeneration stands out as one of the most important 
milestones in physiological history Hie son was very jealous of the 
reputation of his father and I remember one of the few occasions on which I 
have seen him roused to anger was when he thought his father’s work had 
been misrepresented He dedicated his ‘ Introduction to Human Physiology’ 
to his father s memory, summarising the latter’s work in the words — 
Emigration of leucocytes, 1846 
Degeneration and regeneration of nerve, 1856 
Ciho-spinal region, 1851 
Vaso constrictor action of sympathetic 1853 

One of his sons still carries on the physiological tradition Dr William 
Waller being one of the junior staff at the Univeisity of Liveipool 

The second Waller, whose loss we have now to deplore, was born in Paris, 
where at the time his father was pursuing his woik, and he received his early 
education at the College de Geneve This early training had considerable 
influence subsequently He wrote and spoke French fluently and he usually 
communicated the results of his research work to learned societies m both 
countiies Some of his mannensms, his expressive and eloquent gestures, 
were doubtless to he traced to the same source 

In 1870 his father died and he went with hia mothei to Aberdeen, where, 
after graduating MB, 0 M , in 1878, he finally took his MD in 1881 He 
studied a}BO in Edinburgh but soon migrated to London and worked at 
University College under the then Professor of Physiology, Dr (afterwards 
Sir John) Burden Sanderson He received grants fiom the British Medical 
Association to assist him in his investigations, and in 1884 became Research 
Scholar under the same body 

His first independent appointment as a teacher was that of Lecturer on 
Physiology at the London School of Medidine for Women, where he met the 
lady who became his 'wife and hfe-long companion and helper He then 
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obtained a similar post at St Mary's Hospital, and finally, about twenty years 
ago, he was appointed Honorary Director of the Physiological Laboratory at 
the University of London, with the title of Professor With oharactenstic 
keenness he had explored the buildings at South Kensington in which the 
University had just been housed saw the possibilities of using profitably a 
smte of disused rooms, and, with the help of fnends, secured them for the 
useful purpose to which, through his efifoits, they were ultimately applied 

Waller’s name became known to the physiologists chiefly through his work 
on the eleotncal phenomena of the nervous system and of the heart In this 
work his ingenuity in the devising of experiments and appaiatus came to the 
fore In 1913, he summarised his many years’ work on the heart in the 
Oliver-Sharpey lectures given before the Boyal College of Physicians I 
<Annot do better than quote from a letter by Sir Thomas Lewis, F RS ,* the 
foremost of present day electro-cardiographers, regarding the value of this 
branch of research He wrote — 

"May I add a few words of tribute to the memory of Prof Waller, whose 
■death will be much legretted by both physiologists and physicians in this 
■country and in many other lands He was a man of unusually keen intellect, 
and has been for many years a notable figure in British physiology His 
bnlliaut powers of exposition will long render his demonstrations at the 
Physiological Society memorable His early work on electro-physiology was 
extensive, thorough, and is well known He was the first to show that the 
currents set up by the beating of the human heart can be recorded , he was 
the first to obtain a human electro cardiogram , this has been the mam 
though by no means his sole contribution to the science of expenmental 
medicine The discovery long preceded the introduction of the string galvano- 
meter, and was the more remarkable in that it was accomplish^ m the 
eighties ’ 

The electnoal phenomena in other hving structures also attracted his 
attention , he published numerous papers on the currents found m the retina, 
nerves, muscles, skin etc , and also in plants They are summarised m his 
book “Signs of Life from the Electrical Aspect," published m 1903 The 
high estimation in which his work was held was shown by his election as 
F RS at the comparatively early age of 36, m 189‘2 

During his mv esligation of nerve and muscle, he made observations on the 
efieots of ansesthetio vapours and gases on their electrical responses, and thus 
he became mterested m clinical ansssthesia, and in lectures, demonstrations 
and discussions insisted on the necessity of accurate dosage m the adminis- 
tration of these dangerous means of alleviating suffering, esjiecially m 
reference to chloroform He invented an apparatus for controlling the 
percentage of the anmsthetic in the air a patient breathed, for he was 
convinced that deaths under chloroform could be prevented with proper care 
In 1901, a Committee was established by the Bntish Medical Association to 
go thoroughly into the matter, and Waller became one of its most earnest 
* ‘ Brit Med Joum 1988, voL i, p 459 
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members, and was at one time its Chairman The report which was published 
ten years later is a most valuable document, and formed another example of 
how Waller’s academic work was fruitful from the practical standpoint 

During the last few years of his life, he became mteiested in three new 
subjects, and threw himself with his usual enthusiasm into all of them His 
laboratory at one time was, or seemed to be, wholly devoted to one of these , 
at another time, it was one or other of the remaining two This was not 
only the case at the South ICensington laboratory, but the same fervour was 
manifested at his pnvate but well known laboratory at his home in Grove 
End Eoad The old roomy studio (for the house formerly belonged to a well- 
known artist) was transformed not only into a laboratory, but became the 
principal living room of the professor and his family, where they received 
their fnends scientific and otherwise It opened into a spacious garden which 
also was a great recreation to the workers The large table in the middle of 
the room was crowded with electnoal and other apparatus, when by an 
ingenious arrangement of pullejs, the top was suddenly hoisted ceiling- wards, 
and a full-sired billiard table was revealed. Waller was as keen on games as he 
was on work, and bilhards were not the least of his accompUshments When 
he first took to driving a motor car, all his energy seemed devoted to mastering 
the intncacies of its mechanism and management Another of the many 
other mterests of his many-sided life was his fondness for animals and 
especially for bull-dogs The ancestor of several generations of these was 
Jimmy who became well known as his constant companion in the oar and in 
the laboratory He was the faithful guardian of the car when his master left 
It standing, his fierce countenance being suflicient to repel intiuders in spite 
of his gentle nature Jimmy appeared at several Eoyal Society Soirdos with 
hiB paws m basins of salt solution which were connected to a galvanometer 
or electrometer in order to demonstrate the accompanying electrical changes 
of his heart’s activity to an admiring audience The Home Secretary of that 
Jay, Mr Herbert, now I/ird Gladstone, had to explain to anti-viviseotionist 
members of the House of Commons that this was not a brutal expenment, 
■and that Jimmy suffered as much or as little pam as a child paddling in the 
sea 

But these are digressions 1 had begun to speak of the subjects which 
interested Waller m later years One of these which only needs a passing 
mention was of a polemical nature, and related to certain movements which 
with the aid of high magmhoation can be shown to occur in plants. Waller 
attributed these not to growth, but to mere turgescenoe such as occurs when 
many substances are placed in water 

The other two topics to which he devoted himself were of a more senous 
nature One of these was the investigation of the so-called “emotive 
response,” and the other the measurement of the cost of muscular work by 
•estimation of the carbonic acid exhaled 

Both were pursued with charactenstic intensity , his fnends inveigled into 
the laboratory had to submit to be put " on the wires ” m order that the 
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change in the reaiatance of their ekin which occurs under various emotions 
might be measured and recorded , one of the many mtereeting outcomes of 
this work was that most people reacted to the threat of an injury, such as a 
burn, much more strongly than to actual pain During the air raids he had 
his wife and others on the wires’ and noticed a corresponding effect The 
inv estigations on muscular work were carried out on himself, his friends, 
soldiers colheis bootmakers, printers and many other classes He found the 
seventy of the work and the output of COj weie parallel His method has 
been criticised as no account was taken of the oxygen usage, but Waller 
never claimed absolute accuracy , he regarded his ‘ short method ” for testing 
the cost of work as a practical means to an end which can be accomplished 
only with accuracy by much longer and more complicated methods It can 
be earned out while the work is in actual progress. It was his intention to 
liave compared the two methods in a parallel senes of expenraents had his life 
been spared but in criticising his critics showed that their longer methods did 
not always give better results than his own 

Waller’s contnbutions to the literature of his subject were numerous, and 
in addition to the books already mentioned, they were mainly published in 
the ‘ Proceedings and ' Transactions ’ of our Society, and in the ‘Journal of 
Physiology’ His academic distinctions were also numerous In 1889 he 
was made a Laurdat of the Institute of France he received the Aldim pnze 
from the Royal Academy of Science of the Institute of Bologna He was a 
corresponding member of many foreign learned societies and academies, and 
an honorary member of the Council of the University of Tomsk 

Prof Waller mamed Alice Mary, daughter of the late Mr George Palmer, 
MP for Reading It was an ideal union Mrs Waller shared in all Ins 
work and he was a devoted husband , her recent illness caused him to 
relinquish his other work , be took a room near the nursing home where she 
was in order to be with her constantly , later, when she returned home he 
used to carry her to and from her room , his anxiety about her was most 
intense 

He was an equally devoted father, he had three sons, and two daughters, 
all of whom survive him except the youngest daughter, whose tragic death 
from drowning seemed to leave a permanent mark of sorrow in his character 
He was no doubt a physiologist first, but in this imperfect survey of his life’s 
work I have endeavoured to show that there were other sides to his 
personality He passed through many turmoils, of which the last (the 
attempt to close the University laboratory while he was m full vigour 
and it was in full swing of useful work) was by no means the least He 
won that victory , he was a good fighter, an ardent and affectionate fnend 
and a great man 
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